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(54) DRUG COMPLEXES 

(57) A drug complex characterized in that a residue 
of a drug compound such as antineoplastic agents and 
a carboxyfC^Jalkyldextran polyalcohol obtained by 
treating a d extra n under conditions that enable substan- 
tially complete polyalcoholization are bound to each 
other by means of a spacer comprising an amino acid or 
a spacer comprising peptide-bonded 2 to 8 amino acids. 
Said complex is characterized in that it has excellent 
selectivity to tumorous sites so as to exhibit high antine- 
oplastic activity and also achieves reduced appearance 
of toxicity. 
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Description 

Technical Field 

s [0001] The present invention relates to a drug complex which is useful as a medicament. More specifically, the 
present invention relates to a drug complex in which a carboxyfC^alkyldextran polyalcohol that is a polysaccharide 
derivative and a drug compound such as antineoplastic agents or anti-inflammatory agents are bound to each other via 
a spacer. 

10 Background Art 

[0002] Antineoplastic agents, used for treatment of solid cancers such as lung cancer or digestive organ carcinomas 
and blood cancers such as leukemia, are systemically administered through routes of administration such as intrave- 
nous or oral administration, and then, are distributed to specific tumorous sites and inhibit or suppress the proliferation 

75 of cancer cells to exhibit their therapeutic efficacy. However, the systemically-administered antineoplastic agents are 
rapidly taken into livers and reticuloendothelial organs from blood, or rapidly excreted into urine, and accordingly, their 
blood concentrations may sometimes be lowered to allow the distribution into tumorous sites to be insufficient. In addi- 
tion, common antineoplastic agents themselves have poor distribution-selectivity to tumorous sites (tumor selectivity), 
and therefore, the antineoplastic agents are uniformly distributed over various tissues and cells of the whole body, and 

20 act as cytotoxins also against normal cells and tissues, which results in problems of the appearance of adverse effects, 
e.g., emesis, pyrexia, or alopecia at an extremely high rate. Therefore, it has been desired to develop a means of effi- 
ciently and selectively distributing antineoplastic agents to tumorous sites. 

[0003] As one of such means, a process was proposed in which an antineoplastic agent is bound to a polysaccharide 
polymer to delay the disappearance of the antineoplastic agent from blood and to enhance selectivity to tumor tissues. 

25 For example, Japanese Patent Publication (KOKOKU) No. (Hei) 7-84481/1995 discloses a drug complex in which dau- 
norubicin, doxorubicin, mitomycin C, bleomycin or the like is introduced into a carboxy methylated mannoglucan deriv- 
ative by means of a Schiff base or an acid amide bond. As the mannoglucan derivative in the invention, 
carboxymethylated mannoglucan polyalcohols are also used. However, mannoglucan derivatives are too much 
branched and have complicated structures, and accordingly, it has been difficult to obtain a product with uniform quality 

30 suitable lor manufacturing medicaments. 

[0004] In addition, International Patent Publication W094/19376 discloses a drug complex in which a peptide chain 
(the number of amino acid residues: 1 to 8) is bound to a carboxyl group of a polysaccharide having carboxyl groups, 
and doxorubicin, daunorubicin, mitomycin C, bleomycin or the like is further bound by means of the peptide chain. As 
the polysaccharide having carboxyl groups, examples are given such as polysaccharides inherently having carboxyl 

35 groups in their structures (e.g., hyaluronic acid), and polysaccharides inherently having no carboxyl groups in their 
structures (e.g., pullulan, dextran, chitin, etc.) in which their hydroxyl groups are modified with carbony) groups by intro- 
ducing with carboxy(C-|.4)alky1 groups or binding with a polybasic acid such as malonic acid or succinic acid by esteri- 
f ication. The drug complexes are structurally characterized in that a drug such as doxorubicin and the above-mentioned 
polysaccharide moiety are bound to each other by means of a spacer, and the complexes have higher antineoplastic 

40 activity compared to doxorubicin and reduced toxicity and adverse effects. 

[0005] As for technologies relating to drug complexes utilizing polyalcoholized polysaccharide derivatives as drug 
delivery carriers, some reports are available, for example, "Researches on polysaccharide-peptide-doxorubicin com- 
plexes-Correlations between stabilities of polysaccharide carriers in blood and their antineoplastic activities" (Abstracts 
of 10th Meeting of the Japan Society of Drug-Delivery System, 279, 1994); "Researches on polysaccharide-peptide- 

45 doxorubicin complexes - Pharmacokinetics and antineoplastic activity" (Abstracts of 9th Annual Meeting of Japanese 
Society for the study of xenobiotics, 292, 1994); Abstracts of 19th Seminar of Trends in Research and Development 
(held by The Organization for Drug ADR Relief. R&D Promotion and Product Review) . D-9, 1 995; and "Researches on 
drug delivery to a tumor tissue by polysaccharide carriers" (Abstracts of 1 2th Colloid and Interface Technology Sympo- 
sium, The Chemical Society of Japan, 51,1 995). 

50 

Disclosure of the Invention 

[0006] An object of the present invention is to provide a drug complex capable of site-selectively delivering an active 
ingredient such as antineoplastic agents or anti-inflammatory agents to tumorous sites or the like. More specifically, the 
55 object of the present invention is to provide a drug complex which contains a drug compound such as antineoplastic 
agents or anti-inflammatory agents as a partial structure and can be retained in blood for a long period of time, and fur- 
thermore, can site-selectively deliver the drug compound to tumorous sites or inflammatory sites. In addition, another 
object of the present invention is to provide a method for preparing the drug complexes having the aforementioned fea- 
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tures. 

[0007] In order to achieve the foregoing object, the present inventors attempted to improve the drug complex dis- 
closed in the International Patent Publication W094/19376. As a result, they found that, when a dextran derivative 
obtained by the carboxy(C 1 . 4 )alkylation of a polyalcoholized dextran is used as a polysaccharide moiety instead of the 
polysaccharides having carboxyl groups, high concentration of the medicament was retained for a long period of time 
after administration, and site-selectivity to tumorous sites or inflammatory sites can significantly be improved. They also 
found that, in these compounds, the main efficacy such as antineoplastic activity is remarkably enhanced, whereas tox- 
icity is reduced. The present invention was achieved on the basis of these findings. 

[0008] The present invention thus provides a drug complex characterized in that a carboxyCC^Jalkyldextran polyal- 
cohol and a residue of a drug compound are bound to each other by means of a spacer comprising an amino acid or a 
spacer comprising peptide-bonded 2 to 8 amino acids. According to other embodiments of the present invention, there 
are provided a medicament comprising the aforementioned drug complex; and a pharmaceutical composition compris- 
ing the aforementioned drug complex as an active ingredient, for example, preparations for injection or drip infusion in 
the form of lyophilized products filled in vials. Furthermore, according to another embodiment of the present invention, 
a method for preparing the aforementioned drug complex is provided. 

[0009] As preferred embodiments of the aforementioned invention, there are provided the above drug complex char- 
acterized in that the dextran polyalcohol that constitutes the carboxy(C 1 . 4 )alkyldextran polyalcohol is a dextran polyal- 
cohol which is obtained by treating a dextran under conditions that enable substantially complete polyalcoholization; the 
above drug complex wherein the carboxyfC^alkyldextran polyalcohol is carboxymethyldextran polyalcohol; the above 
drug complex wherein the drug compound is an antineoplastic agent or an anti-inflammatory agent; the above drug 
complex wherein the drug compound is an antineoplastic agent which concentration-dependently exhibits antineoplas- 
tic activity (an antineoplastic agent exhibiting more potent antineoplastic activity at a higher concentration: sometimes 
referred to as a concentration-dependent type antineoplastic agent in the present specification); the above drug com- 
plex wherein the drug compound is an antineoplastic agent which time-dependently exhibits antineoplastic activity (an 
antineoplastic agent exhibiting more potent antineoplastic activity at longer working times: sometimes referred to as a 
time-dependent type antineoplastic agent in the present specification); and the above drug complex wherein the antin- 
eoplastic agent is doxorubicin or (1S,9S)-1 -amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl-1 H.12H- 
benzoIdelpyranoP'.^ie.TJindolizinotl^-blquinoline-IO.ISfgHJSHJ-dione. 

[001 0] In addition, as also preferred embodiments, there are provided the above drug complex wherein the spacer is 
a dipeptide represented by -X-2- [the symbol "-X-Z-" means a residue which consists of a dipeptide that is formed by 
peptide bonding of a hydrophobic amino acid (X) and a hydrophilic amino acid (Z) being at the N-terminal side and the 
C-terminal side, respectively, and whose one hydrogen atom and one hydroxyl group are removed from the amino 
group at the N-terminus and the carboxyl group at the C-terminus, respectively], or wherein the spacer contains the 
dipeptide as a partial peptide sequence; the above drug complex wherein the hydrophobic amino acid is phenylalanine 
and the hydrophilic amino acid is glycine; the above drug complex wherein the spacer is (N-terminus)-Gly-Gly-Phe-Gly- 
; and the above drug complex wherein an introduced amount of the residue of the antineoplastic agent is in the range 
of from 1 to 1 5% by weight, preferably from 3 to 1 0% by weight, and more preferably from 5 to 6% by weight. 
[001 1 ] As particularly preferred embodiments of the present invention, there are provided the above drug complex 
wherein N-terminus of a peptide represented by H 2 N-Gly-Gly-Phe-Gly-COOH is bound to a carboxyl group of car- 
boxymethyldextran polyalcohol by means of an acid-amide bond and C-terminus of the peptide is bound to the 1 -amino 
group of (1 S,9S)-1 -amino-9-ethyl-5-fluoro-2 ( 3-dihydro-9-hydroxy-4-methyl-1 H, 1 2H- 

benzo[de]pyrano[3',4':6,7]indolizino[1 ,2-b]-quinoline-10,13(9H,15H)-dione by means of an acid-amide bond; the above 
drug complex wherein the introduced amount of the (1S,9S)-1-amino-9-ethyl-5-fluoro-2 l 3-dihydro-9-hydroxy-4-methyl- 
IH.^H-benzoIdeJpyranoP'.^ie.TJindolizinoIl ,2-b]-quinoIine-10,13(9H,15H)<Jione residue is in the range of from 2 to 
10% by weight; and the above drug complex wherein the carboxyfC^^alkyldextran polyalcohol is a carboxymethyldex- 
tran polyalcohol having a molecular weight in the range of from 5,000 to 500,000, preferably in the range of from 50,000 
to 450,000. and more preferably in the range of from 200,000 to 400,000, and the degree of carboxymethylation per 
constitutive saccharide residue is in the range of from 0.01 to 2.0, preferably in the range of from 0.1 to 1.0, and more 
preferably in the range of from 0.3 to 0.5. 

[001 2] According to another aspect of the present invention, a drug delivery carrier comprising the carboxy(C 1 . 4 )alkyl- 
dextran polyalcohol is provided. According to preferred embodiments of this aspect of the invention, a molecular weight 
of the carboxyCd^Jalkytdextran polyalcohol is in the range of from 5,000 to 500,000, preferably in the range of from 
50,000 to 450,000, and more preferably in the range of from 200,000 to 400.000, and the degree of carboxymethylation 
per constitutive saccharide residue is in the range of from 0.01 to 2.0, preferably in the range of from 0.1 to 1.0, and 
more preferably in the range of from 0.3 to 0.5. Carboxymethyldextran polyalcohol is provided as the most preferred car- 
rier. From another aspect of the invention, there is provided a use of a carboxyfC^alkyldextran polyalcohol for the 
manufacture of a drug complex which contains the carboxyfCi . 4 )alkyldextran polyalcohol bound to the residue of a drug 
compound. 
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[001 3] As preferred embodiments of the present invention, there are provided the use of the carboxyfC^alkyldextran 
polyalcohol for the manufacture of a drug complex in which the residue of a drug compound and the carboxyfC^alkyl- 
dextran polyalcohol are bound to each other by means of a spacer; and the use of the carboxy(C 1 .4)alkyldextran poly- 
alcohol for the manufacture of a drug complex characterized in that the carboxyfC^alkyldextran polyalcohol and the 
residue of a drug compound are bound to each other by means of a spacer comprising an amino acid or a spacer com- 
prising peptide-bonded 2 to 8 amino acids. 

Brief Explanation of the Drawings 
[0014] 

Fig. 1 shows the GPC chart of the drug complex of the present invention (prepared in Example 8). 

Fig. 2 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Example 

8) . 

Fig. 3 shows the GPC chart of the drug complex of the present invention (prepared in Example 9). 

Fig. 4 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Example 

9) . 

Fig. 5 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Example 

10) . 

Fig. 6 shows the GPC chart of the drug complex of the present invention (prepared in Example 15). 

Fig. 7 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Example 

15). 

Fig. 8 shows the GPC chart of the drug complex of the present invention (prepared in Example 28). 

Fig. 9 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Example 

28). 

Fig. 1 0 shows the GPC chart of the drug complex of the present invention (prepared in Example 29). 
Fig. 11 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 29). 

Fig. 12 shows the GPC chart of the drug complex of the present invention (prepared in Example 34). 
Fig. 13 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 34). 

Fig. 1 4 shows the GPC chart of the drug complex of the present invention (prepared in Example 39). 
Fig. 15 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 39). 

Fig. 16 shows the GPC chart of the drug complex of the present invention (prepared in Example 41). 
Fig. 1 7 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 41). 

Fig. 18 shows the GPC chart of the drug complex of the present invention (prepared in Example 44). 
Fig. 19 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 44). 

Fig. 20 shows the GPC chart of the drug complex of the present invention (prepared in Example 47). 
Fig. 21 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 47). 

Fig. 22 shows the GPC chart of the drug complex of the present invention (prepared in Example 55). 
Fig. 23 shows the ultraviolet absorption spectrum of the drug complex of the present invention (prepared in Exam- 
ple 55). 

Fig. 24 shows the pharmacokinetics of the drug complex of the present invention (prepared in Example 15). Each 
point in the figure represents an average value of three experiments. 

Best Mode for Carrying out the Invention 

[001 5] The drug complex of the present invention is characterized in that a carboxy(C 1 . 4 )alkyldextran polyalcohol and 
a residue of a drug compound are bound to each other by means of a spacer comprising an amino acid or a spacer 
comprising peptide-bonded 2 to 8 amino acids. The residue of a drug compound contained in the drug complex of the 
present invention is derived from a drug compound used for therapeutic and/or preventive treatment of diseases of 
mammals including humans as a medicament, for example, an antineoplastic agent, an anti-inflammatory agent, an 
antibacterial agent or the like, and the residue is composed of a partial structure of the drug compound. However, the 
drug compound which the residue is derived from is not limited to those mentioned above. In addition, as the drug com- 
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pound, any compounds may be used so long as they have one or more reactive functional groups capable of participat- 
ing in bond formation with a spacer (for example, amino group, carboxyl group, hydroxyl group, thiol group, ester group 
or the like). The term "drug compound" in the present specification also includes a prodrug compound which contains, 
as a part thereof, a major structure of a drug compound having pharmacological activity, per se, and can reproduce the 
5 compound in vivo. 

[0016] More specifically, the term "residue of drug compound" in the present specification means a partial structure 
derived from the drug compound existing in the compound after bond formation, assuming that a bond between the 
spacer and the residue of a drug compound is formed through a reaction of a reactive functional group of the drug com- 
pound and a reactive functional group of the spacer (e.g., dehydration condensation etc.). For example, when the drug 

io compound is represented by D-NH 2 , D-COOH, D-COOR, D-OH, D-SH, D-CONH 2 , or D-NH-COOR (R is a lower alkyl 
group or the like), the residue of the drug compound is represented by D-NH- (D-NH-CO-Q etc.), D-CO- (D-CO-NH-Q, 
D-CO-O-Q, D-CO-S-Q, etc.), D-CO- (D-CO-NH-Q, D-CO-O-Q, D-CO-S-Q, etc.), D-O- (D-O-CO-Q, D-O-Q, etc.), D-S- 
(D-S-CO-Q, D-S-Q, etc.), D-CONH- (D-CO-NH-CO-Q etc.), and D-NH-CO- (D-NH-CO-O-Q, D-NH-CO-NH-Q, etc.), 
respectively (the parenthesized represents a bond between the spacer and the residue of the drug compound, wherein 

is Q represents a remaining partial structure of the spacer excluding a reactive functional group). However, the sort of the 
bond between the spacer and the residue of the drug compound is not limited to those mentioned above. The residue 
of the drug compound may be bound to the N-terminal amino group or the C-terminal carboxyl group of the spacer, or 
alternatively, may be bound to a reactive functional group existing in an amino acid that constitutes the spacer. 
[001 7] As the residue of the drug compound, for example, residues of antineoplastic agents such as doxorubicin, dau- 

20 norubicin, mitomycin C, bleomycin, cyclocytidine, vincristine, vinblastine, methotrexate, platinum antineoplastic agents 
(cisplatin or derivatives thereof), taxol or derivatives thereof camptothecin or derivatives thereof (antineoplastic agents 
described in Japanese Patent Unexamined Publication (KOKAI) No. (Hei) 6-87746/1994, preferably (1S,9S)-1-amino- 
9-ethyl-5-fluoro-2,3-dilrydro-9-h^ 

10,13(9H,15H)-dione disclosed in claim 2, or the like) may preferably be used. In addition, residues of steroidal anti- 

25 inflammatory agents such as hydrocortisone succinate and prednisolone succinate and nonsteroidal anti-inflammatory 
agents such as mefenamic acid, flufenamic acid, diclofenac, ibuprofen, and tinoridine are also preferred. 
[0018] As the spacer which binds to the residue of the drug compound, a spacer comprising one amino acid or a 
spacer comprising 2 to 8 amino acids that are peptide-bonded may be used. More specifically, the spacer has a form 
of a residue of one amino acid, which means a residue obtained by removing one hydrogen atom and one hydroxyl 

30 group from an amino group and a carboxyl group of the amino acid, respectively, or a residue of an oligopeptide com- 
prising peptide-bonded 2 to 8 amino acids, which means a residue obtained by removing one hydrogen atom and one 
hydroxyl group from the N-terminal amino group and the C-terminal carboxyl group of the oligopeptide, respectively. 
[001 9] Preferred spacers are residues of oligopeptides comprising 2 to 6 amino acids. The sort of the amino acid con- 
stituting the spacer is not particularly limited, and for example, L- or D-amino acids, preferably L- amino acids can be 

35 used, and {^alanine, e-aminocaproic acid, y-aminobutyric acid or the like may also be used as well as a-amino acids. 
These amino acids other than a-amino acids are preferably located close to the polysaccharide derivative. 
[0020] The bonding direction of the spacer is not particularly limited, and generally, the N-terminus of the spacer can 
be bound to a carboxyl group of the carbaxyfC^Jalkyldextran polyalcohol by means of an acid-amide bond, and the C- 
terminus of the spacer can be bound to an amino group of the drug compound. Alternatively, for example, where a 

40 lysine residue is incorporated as a constitutional unit of the peptide spacer, the a-amino group and the e-amino group 
of the lysine residue are allowed to form respective acid-amide bonds with carboxyl groups of other amino acids so as 
to form N-terminuses at both ends of the peptide spacer, which enables bond formation with carboxyl groups of the drug 
compounds. Moreover, by incorporating one or more residues of diamine compounds or dicarboxylic acid compounds 
(e.g., residues of diamine compounds such as ethylenediamine or dicarboxylic acid compounds such as succinic acid) 

45 in a spacer as constitutional units, a spacer having either N-terminuses or C-terminuses at both ends may be utilized. 
[0021 ] The amino acid sequence of the spacer is not particularly limited. Preferably used spacers include, for exam- 
ple, a spacer being a residue of a dipeptide represented by -X-Z-, wherein X represents a residue of a hydrophobic 
amino acid and Z represents a residue of a hydrophilic amino acid; and X-Z- means a residue which consists of a dipep- 
tide that is formed by a peptide bond between a hydrophobic amino acid (X) and a hydrophilic amino acid (Z) at the N- 

so terminal side and the C-terminal side, respectively, and whose one hydrogen atom and one hydroxyl group are removed 
from the amino group at the N-terminus and the carboxyl group at the C-terminus, respectively, and a spacer containing 
a residue of the dipeptide as a partial peptide sequence. As the hydrophobic amino acid, for example, phenylalanine, 
tyrosine, leucine or the like can be used, and as the hydrophilic amino acid, for example, glycine, alanine or the like can 
be used. The spacer may have a repeated sequence of the dipeptide residue (for example, X-Z-X-Z-, -X-Z-X-Z-X-Z-, 

55 etc.). 

[0022] By using the spacer containing such dipeptide structure, the spacer can be hydrolyzed in tumorous sites or 
inflammatory sites, which is considered abundant in peptidase, to release the drug compound at high concentration in 
the sites. The partial structure formed between the spacer containing the above dipeptide and the drug compound by 
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binding to each other is a preferred partial structure of the drug complex of the present invention. Where a concentra- 
tion-dependent antineoplastic agent (e.g., doxorubicin) or the like is used as the residue of the drug compound, for 
example, a spacer composed of the above dipeptide residue represented by -X-Z- or a spacer containing the above 
dipeptide residue as a partial peptide sequence may most preferably be used. 

5 [0023] In addition, where a time-dependent type antineoplastic agent which requires a retained working time at over 
certain concentration is used as the residue of the drug compound, enhanced antineoplastic activity may sometimes be 
obtained by using the above spacer. Examples include the antineoplastic agents disclosed in the Japanese Patent 
Unexamined Publication (KOKAt) No. (Hei) 6-87746/1994, preferably the antineoplastic agent disclosed in claim 2. 
Generally, the spacer should not be limited to those mentioned above, and it is necessary to choose an appropriate 

10 spacer from viewpoints of the mode of action of the antineoplastic agent, characteristics in pharmacokinetics or appear- 
ance of toxicity, releasability in vivo of the antineoplastic agent and the like. For carcinomas exhibiting rapid prolifera- 
tion, it is generally preferred to choose the above spacer capable of releasing the drug compound at high concentration 
in a short time. 

[0024] Specific examples of the spacer are shown in the following table; however, the spacer used for the drug com- 
is plexes of the present invention is not limited to those mentioned below, and it can be readily understood that one of ordi- 
nary skilled in the art can appropriately choose a spacer so as to achieve an optimum releasing rate of a drug 
compound. In the table, the left ends of peptide sequences are N-ter minuses and the residues of drug compounds are 
bound to C-terminuses. D-Phe represents a D-phenylalanine residue and the other amino acids represent L-amino 
acids. The degrees of the releasing rates were judged from the degree of appearance of efficacy of drug complexes 
20 bound with doxorubicin against Walker 256 tumor-bearing rats, or from the free doxorubicin concentration at the tumor- 
ous sites of Walker 256 tumor-bearing rats. Among these spacers, a spacer which can release the drug compound at 
high concentration in a short time, e.g., (N-terminus)-Gly-Gly-Phe-Gly-, is preferably used for doxorubicin. 
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Table 1 

(a) Spacers having high 

releasing rate 

-Leu-Gly- 

-Tyr-Gly- 

-Phe-Gly- 

-Gly-Phe-Gly- 

-Gly-Gly-Phe-Gly- 

-Gly-Phe-Gly-Gly- 

-Phe-Gly-Gly-Gly- 

-Phe-Phe-Gly-Gly- 

-Gly-Gly-Gly-Phe-Gly- 

(b) Spacers having rela- 
tively high releasing rate 

-Gly-Gly-Phe-Phe- 

-Gly-Gly-Gly-Gly-Gly-Gly- 

(c) Spacers having rela- 
tively low releasing rate 

-Phe-Phe- 

-Ala-Gly- 

-Pro-Gly- 

-Gly-Gly-Gly-Phe- 

(d) Spacers having low 

releasing rate 

-Gly- 

-D-Phe-Gly- 

-Gly-Phe- 

-Ser-Gly- 

-Gly-Gly- 

-Gly-Gly-Gly- 

-Gly-Gly-Gly-Gly- 



[0025] Although the degree of polyalcoholization of the carboxyfCi . 4 )alkyldextran polyalcohol, that constitute the moi- 
ety of the polysaccharide derivative of the drug complex of the present invention, is not particularly limited, it is preferred 
that the dextran polyalcohol constituting the carboxyfC^alkyldextran polyalcohol is a dextran polyalcohol obtained by 
treating a dextran under conditions which enable substantially complete polyalcoholization. For example, a dextran 
polyalcohol obtained by treating a dextran with large excess amounts of sodium periodate and sodium borohydride suc- 
cessively to achieve substantially complete polyalcoholization can preferably be used as a starting material for manu- 
facturing the drug complex of the present invention. However, the method for the polyalcoholization of adextran is not 
limited to the method mentioned above, and any methods available to those skilled in the art may be applied. 
[0026] The sort of the dextran is not particularly limited, and the dextran may contain a-D-1 ,6-bonds at any rate. For 
example, dextrans containing a-D-1 ,6-bond at the rate of 85% or more, 90% or more, and 95% or more can be used. 
The molecular weight of the dextran is not particularly limited, and for example, dextrans having a molecular weight of 
from about 10,000 to about 2,000,000, preferably from about 50,000 to about 800,000 can be used. As the C^ 4 alkyl 
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group constituting the carboxyfC^Jalkyl group, a linear or branched alkyl group, specifically, methyl group, ethyl 
group, n-propyl group, isopropyl group, n-butyl group, sec-butyl group or the like can be used, and methyl group can 
preferably be used. The carboxytC^Jalkylation can be carried out, for example, by reacting a halogenated (C V4 )alkyl- 
carboxylic acid such as chloroacetic acid, bromoacetic acid, a-chloropropionic acid, a-methyl-a-chloropropionic acid, 
5 p-chloropropionic acid, a-methyl-p-chloropropionic acid, a-chlorobutyric acid, p-chlorobutyric acid, or y-chlorobutyric 
acid, preferably chloroacetic acid, with hydroxyl groups of the dextran polyalcohol to achieve partial or complete car- 
boxyfC^alkylation of the hydroxyl groups. 

[0027] For example, the dextran polyalcohol is dissolved in an inert solvent which does not participate in the reactions 
(e.g., water, N.N-dimethylformamide, or dimethyl sulfoxide) and the solution is added with a halogenated (C 1 . 4 )alkyl car- 

10 boxylic acid or a salt thereof in the presence of a base (e.g., sodium hydroxide or potassium hydroxide), and then the 
mixture is allowed to react for several minutes to several days at a temperature under ice-cooling to about 100°C. The 
degree of introduction of the carbQxy(Ci. 4 )alkyl group may be easily controlled, for example, by suitably choosing the 
reaction temperature of the carboxy(C 1 . 4 )alkylation or the amount of the halogenated (C n . 4 )alkyl carboxylic acid or 
bases used as reagents, and these means are well-known to those skilled in the art The degree of the carboxy(C 1 . 

is 4 )alkylation for hydroxyl groups of the dextran polyalcohol is not particularly limited, and for example, the degree may 
be in the range of from 0.01 to 2.0, preferably from 0.1 to 1 .0, and more preferably from 0.3 to 0.5 per residue of the 
constitutive saccharide. The molecular weight of the carboxy(C 1 .4)alkyldextran polyalcohol is from about 5,000 to 
500,000, preferably from about 50,000 to 450,000, and more preferably from about 200,000 to 400,000 when deter- 
mined by the gel filtration method. 

20 [0028] The aforementioned carboxy(C-| . 4 )alkyldextran polyalcohol is useful as a drug delivery carrier. Drug complexes 
in which a drug compound and the carboxy(C 1 . 4 )alkyldextran polyalcohol are bound to each other are characterized in, 
for example, that they have excellent selectivity such as neoplastic selectivity and are capable of maintaining high blood 
concentration for a long period of time. As for the bond between the drug compound and the carboxyfC^Jalkyldextran 
polyalcohol, for example, a method in which both are bound to each other directly by means of an ester bond, or alter- 

25 natively, a method in which both are bound to each other by means of an appropriate spacer such as those mentioned 
above can be adopted. 

[0029] As for the drug complex bound by means of the spacer, the drug complex of the present invention can be pre- 
pared by binding the spacer, that is bound to a residue of a drug compound, to a carboxyl group of the carboxymethyl- 
dextran polyalcohol obtained as above. The bond between the spacer and the carboxyl group of the 

30 carboxymethyldextran polyalcohol can generally be formed by binding the N-terminal amino group of the spacer to a 
carboxyl group of the carboxymethyldextran polyalcohol by means of an acid-amide bond. However, the bond between 
the spacer and the carboxyl group of the carboxymethyldextran polyalcohol is not limited to that described above, and 
other chemical bonds and bonds utilizing one or more spacers may be used. For example, an acid anhydride may be 
formed between the C-terminal carboxyl group of the spacer and a carboxyl group of the carboxymethyldextran polyal- 

35 cohol, or by using a diamine compound such as ethylenediamine as a spacer, each of the carboxyl groups may be 
bound by means of acid-amide bond to each of the amino groups of the diamine compound. 
[0030] When the N-terminal amino group of the spacer is bound to a carboxyl group of the carboxymethyldextran poly- 
alcohol by means of an acid-amide bond, dehydration condensation agents ordinarily used for the synthesis of peptide 
chain, for example, N.N'-dicycloalkylcarbodiimides such as N.N'-dicyclohexylcarbodiimide (DCC), carbodiimide deriva- 

40 tives such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDAPC), benzotriazole derivatives such as 1-hydroxy- 
benzotriazole (HOBT), 1 -ethoxycarbonyl-2-ethoxy-1 ,2-dihydroxyqutnoline (EEDQ) and the like can be used. In addition, 
the reaction may also be performed by the activated ester method and the acid halide method. 
[0031 ] Although the amount of the residue of the drug compound introduced into the carboxymethyldextran polyalco- 
hol is not particularly limited, the amount should be suitably chosen from the viewpoints of for example, the physico- 

45 chemical properties of the drug compound residue, and the pharmacokinetics, efficacy and toxicity of the drug complex 
of the present invention. Generally, the range of approximately from 0.1 to 30% by weight, preferably approximately 
from 1 to 15% by weight, and more preferably approximately from 3 to 10% by weight, and most preferably approxi- 
mately from 5 to 6% by weight may be chosen. The ratio of the residue of the drug compound introduced into the car- 
boxymethyldextran polyalcohol can be easily determined by, for example, the absorption spectrometry analysis. 

so [0032] As an example of the method for manufacturing the drug complex of the present invention, the following 
scheme shows the preparing process for introducing the residue of the drug compound which is the antineoplastic 
agent disclosed in claim 2 of the Japanese Patent Unexamined Publication (KOKAI) No. (Hei) 6-87746/1994; however, 
the drug complexes of the present invention and the methods for manufacturing thereof are not limited to those shown 
in the scheme. In the scheme below, the introduced amount of the residue of the drug compound is, for example, about 

55 from 1 to 15% by weight, preferably about from 2 to 10% by weight. In addition, among the constitutional units of the 
polyalcohols, only one constitutional unit that is introduced with one or two carboxymethyl groups is exemplified in the 
scheme below. However, it should be understood that the polysaccharide-derivative moiety of the drug complex of the 
present invention is not formed by the repetition of the aforementioned constitutional unit. 
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Carboxymethy I dextran polyalcohol 




R,: -H or -CHgCOOH 
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Drug complex of the present invention 




[0033] It is known that the equilibrium of the aforementioned drug compound lies to the compound whose lactone ring 
is closed (the ring-closed compound) in an acidic aqueous medium (for example, approximately at pH 3). whereas the 
equilibrium lies to the compound whose lactone ring is opened (the ring -opened compound) in a basic aqueous 
medium (for example, approximately at pH 10), and the drug complex introduced with the residue corresponding to the 
ring -closed or ring-opened compound has similar antineoplastic activity Accordingly, it should be understood that any 
of them falls within the scope of the present invention. When a reactant, whose lactone ring is opened, is present in the 
reaction system, the condensation reaction will progress between the carboxyi group derived from the lactone ring and 
the amino group derived from the spacer, which results in significant decrease of the reaction yield, and moreover, a 
desired drug complex cannot sometimes be uniformly obtained. Such side reaction can be avoided by selectively using 
the ring-closed compound as the reactant. 

[0034] That is, the side reaction can be reduced by converting sodium salt of carboxymethyldextran polyalcohol into 
the triethylammonium salt, and then condensing the N-terminal amino group of the spacer, which is bound to the resi- 
due of the drug compound described above, with a carboxyi group of the carboxymethyldextran polyalcohol in a non- 
aqueous system (in an organic solvent not containing water), which enables an efficient manufacture of the desired 
product. As the salt of the carboxymethyldextran polyalcohol that can be dissolved in organic solvents, for example, tri- 
alkylammonium salt such as triethylammonium salt or trimethylammonium salt, or salt of organic bases such as N- 
methyl pyrrolidine, N-methylmorpholine, or dimethylaminopyridine (DMAP) can be used. As organic solvents, N,N- 
dimethylformamide, dimethyl sulfoxide or the like can be used. 

[0035] The drug complex of the present invention is characterized in that it can specifically exhibit desired pharmaco- 
logical activity at a local site such as tumorous sites or inflammatory sites depending on the sort of the residue of the 
drug compound (e.g., the residue of the drug compound such as antineoplastic agents or anti-inflammatory agents), 
and can reduce toxicity inherent to the drug compound, per se. Although not intended to be bound by any specific the- 
ory, the polysaccharide-derivative moiety of the drug complex of the present invention (e.g., carboxymethyldextran poly- 
alcohol) has quite excellent retention in blood and achieves high accumulation into tumorous or inflammatory sites, and 
hence is useful as a drug delivery carrier and allows the drug complex of the present invention to have neoplastic site- 
selectivity and inflammatory site-selectivity. Furthermore, it is considered that protease (peptidase) is expressed at 
tumorous sites or inflammatory sites, and accordingly, the spacer of the drug complex of the present invention is readily 
hydrolyzed to allow a released drug compound to exhibit its efficacy. 

[0036] A medicament containing the drug complex of the present invention may generally be filled in vials or the like 
in the form of a lyophilized product or other, and provided for clinical use as preparations for parenteral administration 
such as injections or drip infusions which are dissolved upon use. However, the form of pharmaceutical preparations of 
the medicament of the present invention is not limited to the aforementioned forms. For the preparation of the above 
pharmaceutical preparations, pharmaceutical additives available in the field of the art, for example, solubilizers, pH 
modifiers, stabilizers and the like, can be used. Although the dose of the medicament of the present invention is not par- 
ticularly limited, it should normally be decided in view of the dose of the drug compound that constitutes the residue of 
the drug compound, the amount of the residue of the drug compound introduced into the drug complex of the present 
invention, the condition of a patient, the sort of a disease and the like. For example, where a drug complex of the present 
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invention is administered parenterally, which is introduced with about 6% by weight of the residue of the antineoplastic 
agent disclosed in claim 2 of the Japanese Patent Unexamined Publication (KOKAI) No. (Hei) 6-87746/1994, about 1 
to 500 mg, preferably about 10 to 100 mg per m 2 of body surface area per day may generally be administered once a 
day, and the administration may preferably repeated every 3 to 4 weeks. 

5 

Examples 

[0037] The present invention will be explained more specifically by examples; however, the scope of the present 
invention is not limited to the following examples. In the examples, "A-NH-" represents a residue of a drug compound 

10 wherein the drug compound has a lactone ring, such as the drug compound disclosed in claim 2 of the Japanese Patent 
Unexamined Publication (KOKAI) No. (Hei) 6-87746/1994 (sometimes referred to as "DX-8951" in the examples), and 
the drug compound having a closed lactone ring is represented by A-NH 2 . An example includes the group represented 
by A-NH- in the above-described scheme in which a lactone ring is formed. In addition, A'-NH- represents that the lac- 
tone ring of the residue of a drug compound represented by A-NH- is either in the ring-closed form or ring-opened form, 

is or alternatively, a mixture thereof, -DXR represents the residue derived from doxorubicin, and -D51 -7059 represents the 
residue derived from the taxiol derivative shown in Example 55. 

[0038] In the examples, otherwise not specifically mentioned, the degree of carboxymethylation in carbaxymethyldex- 
tran polyalcohol (the degree of substitution with carboxymethyl group per constitutive saccharide residue) was deter- 
mined by converting the sodium salt of the carboxymethyldextran polyalcohol into the free acid form, dissolving the 

20 resulting acid in an aqueous 0.1 N sodium hydoxide solution, and then titrating by using 0.1N hydrochloric acid. An 
aqueous solution of the sodium salt of the carboxymethyldextran polyalcohol was applied to a Bio-Rad AGSOW-x 2 (H + 
form) column and the effluent was lyophilized and then used as a sample. The sample was dissolved in a prescribed 
excess amount of aqueous 0.1N sodium hydroxide solution and titrated with 0.1 N hydrochloric acid using phenol- 
phthalein as an indicator. The degree of carboxymethylation was calculated by using the following equation: 

25 Degree of carboxymethylation = 13.4(a-b)/[s-5.8(a-b)] wherein "s" is the weight of the applied sample (mg), "a" is the 
prescribed excess amount of aqueous 0.1 N sodium hydroxide solution (ml), and "b" is the volume of 0.1 N hydrochloric 
acid consumed for the titration (mt). The amount of introduced drug (percent by weight) was determined by the absorp- 
tion spectroscopic analysis by using characteristic absorptions of the drug compound (approximately 362 nm). The gel 
filtration was performed under the following conditions: column: TSK gel G4000 PW X i_; eluent: 0.1 M NaCI; flow rate: 0.8 

30 ml/min; and column temperature: 40°C. 

Example 1 : 3'-N-f Boc-Giv-Glv-Phe-GlvVNH-A (A-NH £ =DX-8951 ) 



35 



40 



45 




[0039] Boc-Gly-Gy-Phe-Gly (600 mg) and N-hydroxysuccinimide (1 60 mg) were dissolved in N,N-dimethyrformamide 
(20 ml) and cooled to 4°C, and then added with N.N'-dicydohexylcarbodiimide (280 mg). To this solution, a solution of 

so methanesulfonate of the drug compound described in claim 2 of the Japanese Patent Unexamined Publication (KOKAI) 
No. (Hei) 6-87746/1994 (600 mg, the compound described in Example 50 of the above-mentioned patent publication) 
and triethylamine (0.16 ml) dissolved in N.N-dimethylformamide (30 ml) was added, and the mixture was allowed to 
react at room temperature for 16 hours with stirring under light-shielded conditions. This reaction mixture was evapo- 
rated to dryness under reduced pressure, and the residue was purified by silica gel column chromatography (eluent: 

55 dichloromethane:methanol = 10:1 solution containing 0.5% acetic acid) to give the title compound (1.0 g). 

1 H-NMR (DMSO- d 6 ) 8 :8.40 (d.1H,J=a3 Hz), 8.10-8.17 (m,2H), 7.91-8.01 (m,1H), 7.78 (d,1H,J=10.75 Hz), 7.32 
(S.1H), 6.94-6.96 (m,1H), 6.50 (s,1H), 5.57 (t,1H,J=4.5Hz), 5.43 (s,2H), 5.23 (s,2H), 3.77 
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(dd,2H,J=5.85Hz,J=8.80Hz), 3.70 (d,2H,J=4.40Hz), 3.65 (d,2H,J=5.35Hz), 3.56 {6,2H,J=5.SS), 3.15-3.25 (m,2H), 
2.40 (s,3H), 2.05-2.25 (m,1H), 1.86 (m,2H), 1.35 (s.9H), 0.88 (t,3H,J= 7.35). 
Mass (FAB); m/e854(M+1) 

Example 2: Synthesis of 3'-N-fBoc-Glv-Glv-Glv-PheVNH-A (A-NHo=DX-895H 

[0040] Boc-Gly-Gly-Gly-Phe (600 mg) and N-hydroxysuccinimide (160 mg) were dissolved in N,N-dimethylformamide 
(20 ml) and cooled to 4°C, and then added with N.N'-dicyclohexylcarbodiimide (280 mg). To this solution, a solution of 
methanesulfbnate of DX-8951 (600 mg) and triethylamine (0.16 ml) dissolved in N,N-dimethylformamide (30 mi) was 
added and the mixture was allowed to react at room temperature for 16 hours with stirring under light-shielded condi- 
tions. This reaction mixture was evaporated to dryness under reduced pressure, and the residue was purified by silica 
gel column chromatography (eluent: dichloromethane:methanol = 10:1 solution containing 0.5% acetic acid) to give the 
title compound (700 mg). 

1 H-NMR (DMSO-d 6 ) 8 :8.57 (d,1H,J=7.8Hz), 8.19 (d,1H), 8.05-8.07 (m,2H), 7.79 (d,1H,J=11.2Hz), 7.32 (s.1H). 
7.10 (d,2H,J= 7.8Hz), 6.93-7.03 (m,4H), 6.51 (s.1H), 5.52-5.55 (m,1H), 5.44 (s,2H), 5.18 (d,1H,J= 18.5Hz), 4.84 
(d,1H,J= 18.5Hz), 4.57-4.59 (m,1 H), 3.57-3.71 (m,6H), 3.15-3.25 (m,2H), 3.00-3.02 (m,1 H), 2.80-2.90 (m,1H) t 2.40 
(s,3H), 2.05-2.25 (m,1H), 1.86 (m,2H), 1.35 (s,9H), 0.88 (t,3H,J=7.35Hz). 
Mass (FAB);m/e854(M+1) 

Example 3: Synthesis of 3'-N-(Boc-GlY-Gly-QI Y -Gly)-NH-A (A-NH r D>W51) 

[0041] Boc-Gly-Gly-Gly-Gly (120 mg) and N-hydroxysuccinimide (39 mg) were dissolved in N.N-dimethylformamide 
(20 ml) and cooled to 4°C, and then added with N.N'-dicyclohexylcarbodiimide (70 mg). To this solution, a solution of 
methanesulfbnate of DX-8951 (150 mg) and triethylamine (0.039 ml) dissolved in N.N-dimethylformamide (10 ml) was 
added, and the mixture was allowed to react at room temperature for 16 hours with stirring under light-shielded condi- 
tions. This reaction mixture was evaporated to dryness under reduced pressure, and the residue was purified by silica 
gel column chromatography (eluent: dichloromethane:methanol = 10:1 solution) to obtain the title compound (1 00 mg). 

1 H-NMR (DMSO-d 6 ) 8 :8.40 (d.1HJ= 8.3 Hz), 8.10-8.17 (m,2H), 7.91-8.01 (m,1H), 7.78 (d,1H,J= 10.75 Hz), 7.32 
(s,1H), 6.94-6.96 (m,1H), 6.50 (S.1H), 5.57 (t,1H,J= 4.5Hz), 5.43 (S.2H), 5.23 (S.2H), 3.77 (dd,2H,J= 5.85Hz,J= 
8.80Hz), 3.70 (d,2H,J= 4.40Hz), 3.65 (d,2H,J= 5.35Hz), 3.56(d,2H,J=5.85Hz), 3.15-3.25 (m,2H), 2.40 (s,3H), 2.05- 
2.25 (m,1H), 1.86 (m,2H),1.35(s,9H), 0.88 (t,3H,J= 7.35Hz). 
Mass (FAB); m/e 764 (M+1) 

Example 4: Synthesis of 3'-N-(GIy-QIY'GIy-QIy)-NH-A fA-NH^D^-8951) trifluproaggtate 




[0042] 3*-N-(Boc-Gly-Gly-Gly<3ly)-NH-A (A-NH 2 = DX-8951) (79 mg) was dissolved in trifluoroacetic acid (3 ml) and 
allowed to stand for one hour. The solvent was evaporated, and the residue was subjected to azeotropic distillation 
twice with methanol (30 ml) and twice with ethanol (30 ml), and then the residue was washed with ether to give the title 
compound (80 mg). 

1 H-NMR (DMSOd 6 ) 8 :8.59-8.61 (m,1H), 8.50 (d,1H,J= 8.3Hz), 8.21-8.27 (m,2H), 7.91-8.01 (br,3H), 7.81 
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(d,1H,J=1 1.2Hz), 7.32 (s,1H), 6.50-6.52 (br,1H), 5.57-5.59 (m,1H), 5.43 (s,2H), 5.23 (s,2H), 3.80-3.82 (m,3H), 
3.70-3.75 (m,3H), 3.15-3.25 (m,2H), 2.41 (s,3H), 2.05-2.25 (m,1H), 1.86-1.88 (m,2H), 0.88 (t,3H,J= 7.35Hz). 

Example 5: Synthesis of triethylammonium salt of carboxvmethyldextran polyalcohol 

5 

[0043] Dextran T2000 (10 g, Pharmacia, average molecular weight: 2,000,000) was dissolved in 0.1M acetate buffer 
(pH 5.5, 1 ,000 ml) and added with an aqueous solution (1000 ml) of sodium periodate (33.0 g). After stirring at 4°C for 
10 days with shielding the light, the mixture was added with ethylene glycol (7.0 ml) and stirred overnight. The reaction 
mixture was adjusted to pH 7.5 with 8M aqueous sodium hydroxide under ice-cooling. Sodium borohydride (14 g) was 

w added and dissolved, and the mixture was then stirred at room temperature overnight. The reaction mixture was ice- 
cooled, adjusted to pH 5.5 with acetic acid, and stirred at 4°C for one hour, and then, adjusted to pH 7.5 with 8M aque- 
ous sodium hydroxide under ice-cooling. The resulting aqueous solution was subjected to ultrafiltration using a Biomax- 
30 membrane (Millipore) to remove the low molecular weight fraction. The polymer fraction was lyophilized to obtain 
dextran polyalcohol. After treating this dextran polyalcohol at pH 3.0 for one hour, the low molecular weight fraction was 

is removed with Biomax-50 membrane, and subsequently, the polymer fraction was removed with Biomax-100 mem- 
brane, and the result was lyophilized to give purified dextran polyalcohol (2.0 g). The molecular weight of this substance 
was 220K [gel filtration, dextran standard). 

[0044] This purified dextran polyalcohol (1.8 g) was added to an aqueous solution obtained by dissolving sodium 
hydroxide (10.5 g) in water (45 ml) and dissolved at room temperature. To this solution, monochloroacetic acid (15 g) 

20 was added and dissolved under ice-cooling, and then the mixture was allowed to react at room temperature for 20 
hours. After this reaction mixture was adjusted to pH 8 with acetic acid, the low molecular weight fraction was removed 
by ultrafiltration using a Bio max- 10 membrane. The polymer fraction was lyophilized to give sodium salt of car- 
boxymethyfdextran polyalcohol (1 .8 g). The molecular weight of this substance was 330K (gel filtration, dextran stand- 
ard) and the degree of carboxymethylation was 0.8. 

25 [0045] The above sodium salt of carboxvmethyldextran polyalcohol (300 mg) was dissolve in water, applied to a Bio- 
Rad AG50W-X2 (200-400 mesh, H + form) column (1 .5 x 8.6 cm), and eluted with water. This effluent was added with 
triethylamine (0.5 ml) and lyophilized to give triethylammonium salt of carboxvmethyldextran polyalcohol (380 mg). Por- 
tions of the sodium salt of carboxymethyldextran polyalcohol (each 300 mg) were treated with the column as described 
above to give triethylammonium salt of carboxymethyldextran polyalcohol (380 mg, 400 mg). 

30 

Example 6: Synthesis of sodium salt of carboxymethyldextran polvalcohol 

[0046] The sodium salt of carboxymethyldextran polyalcohol (0.15 g) obtained in Example 5 above was added to an 
aqueous solution obtained by dissolving sodium hydroxide (1.05 g) in water (4.5 ml), and then dissolved at room tetn- 

35 perature. To this solution, monochloroacetic acid (1.5 g) was added and dissolved under ice-cooling, and the mixture 
was allowed to react at room temperature for 18 hours. This reaction mixture was adjusted to pH 8 with acetic acid, 
added dropwise into 90 ml of methanol, and added with 3M aqueous sodium chloride (0.15 ml), and the deposited pre- 
cipitates were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were washed with methanol and then 
dissolved in water (5 ml), and added with 3M aqueous sodium chloride (0.15 ml). This aqueous solution was filtered 

40 through a Millipore filter (0.45 \\m), and the filtrate was added dropwise to 35 ml of ethanol and the deposited precipi- 
tates were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were washed with ethanol, dissolved in 
water, and dialyzed against purified water using a dialysis membrane (Spectrapore 1 , cut-off molecular weight; 6.000- 
8,000). The inner dialyzate solution was filtered through a Millipore filter (0.22 urn) and lyophilized to give sodium salt 
of carboxymethyldextran polyalcohol (0.18 g). The degree of carboxymethylation of this substance per saccharide res- 

45 idue was 1 .2 (alkalimetry) . 

Example 7: Synthesis of s odium salt of carboxymethyldextran polyalcohol 

[0047] The purified dextran polyalcohol (0.2 g) obtained in Example 5 was added to an aqueous solution obtained by 
so dissolving sodium hydroxide (0.84 g) in water (6 ml) and dissolved at room temperature. To this solution, monochloro- 
acetic acid (1 .2 g) was added and dissolved under ice-cooling, and the mixture was allowed to react at room tempera- 
ture for 18 hours. The reaction mixture was adjusted to pH 8 with acetic acid, added dropwise to 120 ml of methanol, 
and then added with 3M aqueous sodium chloride (0.2 ml), and the deposited precipitates were collected by centrifu- 
gation (3500 rpm, 8 minutes). The precipitates were washed with methanol and then dissolved in water (5 ml), and 
55 added with 3M aqueous sodium chloride (0.2 ml). This aqueous solution was filtered through a Millipore filter (0.45 urn) , 
and the filtrate was added dropwise to 35 ml ot ethanol and the precipitate deposited was collected by centrifugation 
(3500 rpm, 8 minutes). The precipitates were washed with ethanol, dissolved in water, and dialyzed against purified 
water using a dialysis membrane (Spectrapore 1 , cut-off molecular weight; 6,000-8,000). The inner dialyzate solution 
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was filtered through a Millipore filter (0.22 ^m) and lyophilized to give sodium salt of carboxymethyldextran polyalcohol 
(0.20 g). The degree of carboxymethylation of this substance per saccharide residue was 0.4 (alkalimetry). 

Example 8: Synthesis of rarboxymethvldextran polYalcohol-GlY-GlY-GlY-Phe-NH-A' (A-NHo=DX-8951) 

[0048] The triethylammonium sah of carboxymethyldextran polyalcohol obtained in Example 5 (380 mg, the degree 
of carboxymethylation: 0.8) was dissolved in N.N-dimethylformamide (30 ml). To this solution, a solution of 3'-N-(GIy- 
Gly-Gly-Phe)-NH-A (A-NH 2 =DX-8951) trifluoroacetic acid salt (49 mg) in N.N-dimethylformamide (5 ml), triethyiamine 
(0.017 ml), and 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroxyquinoline (380 mg) were added successively, and then the 
mixture was allowed to react at room temperature overnight with stirring. This reaction mixture was adjusted to pH 10 
with 1 M aqueous sodium hydroxide and each of 5 ml portions of the mixture was added dropwise to 25 ml of ethanol. 
This mixture was added with 3M aqueous sodium chloride (1 ml) and diethyl ether (5 ml), and the deposited precipitates 
were collected by centrrfugation (3500 rpm, 8 minutes). 

[0049] The precipitates were dissolved in water and dialyzed against purified water using a dialysis membrane (Spec- 
trapore 1 , cut-off molecular weight; 6,000-8,000), and the inner dialyzate solution was filtered through a Millipore filter 
(0.22 |im) and lyophilized. The resulting crude product was dissolved in water (30 ml), adjusted to pH 9 with 0.1 M aque- 
ous sodium hydroxide, and treated at 37°C for one hour. This treated solution was dialyzed as described above, and 
then the inner dialyzate solution was filtered through a Millipore filter (0.22 um) and lyophilized to give the title com- 
pound (289 mg). The result obtained by GPC analysis after dissolving this compound in 0. 1 M aqueous sodium chloride 
(column: TSK Gel PW-4000XL, Tosoh, solvent: 0.1 M NaCI, flow rate: 0.8 ml/min), and the ultraviolet absorption spec- 
trum of the compound (0.1M Tris buffer solution, pH 9.0, 0.25 mg/ml) are shown in Fig. 1 and Fig. 2, respectively. The 
content of the drug compound residue in the compound was 5.3% (W/W) when determined based on the absorption at 
362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 9: Synthesis of carboxymethyldextran polvalcohol-Glv-Glv-Phe-Glv-NH-A' fA-NHp=DX-8951) 

[0050] The title compound (300 mg) was synthesized according to a similar manner to that of Example 8 by introduc- 
ing trifluoroacetic acid salt of 3'-N-(Gly-Gly-Phe-Gly)-NH-A, which had been obtained by removal of the Boc group from 
3'-N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (50 mg) in a manner similar to that of Example 4, into the triethy- 
lammonium salt of carboxymethyldextran polyalcohol (380 mg) obtained in Example 5. The result obtained by GPC 
analysis after dissolving this compound in 0,1 M aqueous sodium chloride (column: TSK Gel PW-4000XL, Tosoh, sol- 
vent: 0. 1 M NaCI, flow rate: 0.8 ml/min), and the ultraviolet absorption spectrum of the compound (0.1 M Tris buffer solu- 
tion, pH 9.0, 0.19 mg/ml) are shown in Fig. 3 and Fig. 4, respectively. The content of the drug compound residue in the 
compound was 5.3% (W/W) when determined based on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 10: Synthesis of carboxymethyldextran polYalcohol-Gly-GlY-GlY-GlY-NH-A' (A-NH?=DX-895H 

[0051 ] The title compound (1 90 mg) was synthesized according to a similar manner to that of Example 8 by introduc- 
ing trifluoroacetic acid salt of 3'-N-(Gly-Gly-Gly-Gly)-NH-A, which had been obtained through removal of the Boc group 
from 3'-N-(Boc-Gly-Gly-Gly<3ly)-NH-A (A-NH 2 =DX-8951) (41 mg) in a manner similar to that of Example 4, into the tri- 
ethylammonium salt of carboxymethyldextran polyalcohol (380 mg) obtained in Example 5. The ultraviolet absorption 
spectrum of this compound (0.1 M Tris buffer solution, pH 9.0, 0.34 mg/ml) is shown in Fig. 5. The content of the drug 
compound residue in the compound was 5.3% (W/W) when determined based on the absorption at 362 nm in 0. 1 M Tris 
buffer solution (pH 9.0). 

Example 1 1 : Antitumor activity of the drug complex of the present invention 

[0052] Meth A tumor-bearing mice were prepared (7 mice per group) by subcutaneously transplanting 1 x10 6 mouse 
fibrosarcoma Meth A cells into the right inguinal regions of BALB/c male mice (7-week old). On day 7, the drug complex 
of Example 9 dissolved in distilled water for injection was injected in the tail vein of the Meth A tumor-bearing mice every 
4 days 4 times. On day 21 after the transplantation, tumor masses were excised and weighed to calculate the inhibition 
rate of tumor growth according to the following equation: 

bition rate of tumor growth (%) = [1 - (average tumor weight of the group administered with the test sample / average tumor weight ol 
. As a result, it was found that the drug complex of the present invention obtained in Example 9 exhibited remarkably 
enhanced antitumor activity compared to the drug compound, per se, without the spacer and the polysaccharide deriv- 
ative, while showing no toxicity (weight loss). The polysaccharide derivative (Example 5), per se, and the drug com- 
pound introduced solely with the spacer (trifluoroacetic acid salt of H 2 N-Gly-Gly-Phe-Gly-NH-A (A-NH 2 =DX-8951) 
obtained by removing the Boc group from the compound of Example 1 according to the process of Example 4) were 
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found to be not effective. 



Table 2 



Test compound 


Dose (mg/kg) 


Inhibition rate (%) 


Drug compound, per se 


7.5x4 


76 




1.875x4 


46 




0.9375 x 4 


36 


Compound of Example 9 


1.4 1 >x4 


94 




0.7 1 > x4 


59 




0.35 1) x4 


41 



1) Calculated based on the drug compound 



Example 12: Antitumor activity of the drug complex of the present invention 

20 [0053] Meth A tumor-bearing mice (6 mice per group) were prepared according to a similar manner to that of Example 
1 1 and the antitumor activity was compared to that obtained by single administration of the drug complexes of Exam- 
ples 8 and 9 once on day 7. As a result, the degree of the antitumor activity was as follows: (Polysaccharide derivative)- 
Gly-Gly-Phe-Gly-NH-A' > (Polysaccharide dertvative)-Gly-Gly-Gly-Phe-NH-A' > the drug compound, per se. The com- 
pound comprising the residue of the drug compound directly binding to a carboxyl group of the carboxymethyldextran 

25 polyalcohol of Example 5 without any spacer (the amount of the drug compound residue introduced: 6.2% by weight) 
was found to be not effective. 



Table 3 



Test compound 


Dose (mg/kg) 


Inhibition rate (%) 


Drug compound itself 


60 


77 




20 


59 


Compound of Example 8 


10 1 > 


85 




5 1 > 


76 


Compound of Example 9 


5 1 > 


98 




2.5 1 > 


87 



1) Calculated based on the drug compound 



Example 13: Synthesis of triethvlammonium salt of carboxvmethvldextran polvalcohol 

45 [0054] DextranTSOO (10 g, Pharmacia, molecular weight :500K) was dissolved in 0.1 M acetate buffer (pH 5.5, 1000 
ml) and added with an aqueous solution (1000 ml) of sodium periodate (33 g). After stirring at 4°C for ten days with 
shielding the light, the mixture was added with ethylene glycol (7.0 ml) and stirred overnight. The reaction mixture was 
adjusted to pH 7.5 with 8M aqueous sodium hydroxide. Sodium borohydride (1 4 g) was added and dissolved, and then 
the mixture was stirred overnight. The reaction mixture was ice-cooled, adjusted to pH 5.5 with acetic acid and stirred 

so at 4°C for one hour, and then adjusted to pH 7.5 with 8M aqueous sodium hydroxide to give Solution 1. Separately, a 
series of procedures described above was performed using Dextran T500 (10 g, Pharmacia, molecular weight 500 K) to 
obtain Solution 2. Furthermore, a series of procedures described above was repeated by using Dextran T250 (10 g 
each, Pharmacia, molecular weight 250K) to obtain Solution 3 and Solution 4. These Solutions 1 -4 were combined and 
subjected to ultrafiltration using a Biomax-50 membrane to remove the low molecular weight fraction. The polymer f rac- 

55 tion was lyophilized to give dextran polyalcohol (25 g). The molecular weight of this substance was 1 63K (gel filtration, 
puilulan standard). 

[0055] This dextran polyalcohol (1 1 g) was added to an aqueous solution obtained by dissolving sodium hydroxide 
(46.2 g) in water (330 ml) and dissolved at room temperature. To this solution, monochloroacetic acid (66 g) was added 
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under ice-cooling and dissolved, and the mixture was allowed to react at room temperature overnight. This reaction mix- 
ture was adjusted to pH 9 with acetic acid and desalted by ultrafiltration using a Biomax-30 membrane. The remaining 
solution that had not passed through the membrane was lyophilized to obtain sodium salt of carboxymethyldextran poly- 
alcohol (1 3 g). The molecular weight of this substance was 228K (gel filtration, pullulan standard) and the degree of car- 
5 boxymethylation was 0.4. 

[0056] This sodium saJt of carboxymethyldextran polyalcohol (600 mg) was dissolved in water, applied to a Bio-Rad 
AG 50W-X2 (200-400 mesh, H + form) column (diameter: 44 mm, length: 210 mm), and eluted with water. This effluent 
was added with triethylamine (0.93 ml) and then lyophilized to give the title compound (690 mg). 

io Example 14: Synthesis of 3'-N-«3lv-Glv-Phe-GM-NH-A fA-NH 2 =DX-8951) trifluoroacetic acid salt 

[0057] The 3'-N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (79 mg) obtained in Example 1 was dissolved in tri- 
fluoroacetic acid (3 ml) and allowed to stand for one hour. The solvent was evaporated, and the residue was subjected 
to azeotropic distillation twice with methanol (30 ml) and twice with ethanol (30 ml), and then washed with ether to give 
is the title compound (80 mg). 

1 H-NMR (DMSCKie) 8 : 8.53 (d.1 H, J=8.3Hz), 8.40-8.48 (m, 2H), 8.28 (d, 1 H, J=8.3Hz), 7.95-8.07 (br, 3H), 7.81 (d, 
1H, J=10.2Hz), 7.30-7.37 (m, 2H), 7.15-7.30 (m, 5H), 6.50-6.55 (br, 1H), 5.50-5.57 (m, 1 H), 5.41 (d, 2H, J=7.82Hz), 
5.25 (s, 2H), 4.55-4.62 (m, 1H), 3.55-3.92 (m, 6H), 3.15-3.25 (br, 2H), 2.98-3.03 (m, 1H), 2.73-2.82 (m, 1H), 2.40 
20 (s, 3H), 2.05-2.25 (m, 1H), 1.84-1.92 (m, 2H), 0.88 (t, 3H, J=7.35Hz). 

Example 15: Synthesis of carboxymethyldextran polyalcohol-Gly-Gly-Phe-Gly-NH■A , (A-NH^DX-8951) 

[0058] The sodium salt of carboxymethyldextran polyalcohol obtained in Example 1 3 (400 mg) was converted into the 
25 triethylamrnonium salt (470 mg) and dissolved in N,N-dimethylfbrmamide (30 ml). To this solution, a solution of trifluor- 
oacetic acid salt of 3*-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) obtained in Example 14 (62 mg) in N,N-dimethyl- 
formamide (5 ml), triethylamine (0.02 ml), and 1 -ethoxycarbonyl-2-ethoxy-1 ,2-dihydroxyquinoline (470 mg) were added 
successively, and the mixture was allowed to react at room temperature overnight with stirring and shielding the light. 
Each of 5 ml portions of this reaction mixture was added dropwise to each 10 ml of ethanol. To the mixture, 3M aqueous 
30 sodium chloride (2.5 ml) and diethyl ether (20 ml) were added, and the precipitates deposited were collected by centrif- 
ugation. The precipitates were dissolved in 0.5M aqueous sodium chloride, adjusted to pH 9 with 0.1 M aqueous sodium 
hydroxide under ice-cooling and then dialyzed against purified water using a dialysis membrane (Spectrapore 1 , cut-off 
molecular weight; 6,000-8,000). The inner dialyzate solution was filtered through a Millipore filter (0.22 urn) and then 
lyophilized to obtain the title compound (600 mg). The result obtained by GPC analysis after dissolving this compound 
35 in 0.1M aqueous sodium chloride (column: TSK Gel PW-4000XL, Tosoh; solvent: 0.1 M NaCI; flow rate: 0.8 ml/min) and 
the ultraviolet absorption spectrum of the compound (0.1M Tris buffer solution, pH 9.0, 0.1 mg/ml) are shown in Fig. 6 
and Fig. 7, respectively. The content of the drug compound residue in the compound was 5.8% (W/W) when determined 
based on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

40 Example 1 6: Synthesis of 3'-N-(Gly-Gly-Gly-Phe)-NH-A (A-NH ? =DX-8951) trifluoroacetic acid salt 

[0059] The 3'-N-(Boc-Gly-Gly-Gly-Phe)-NH-A (A-NH 2 =DX-8951) (79mg) obtained in Example 2 was dissolved in tri- 
fluoroacetic acid (3 ml) and allowed to stand for one hour. The solvent was evaporated, and the residue was subjected 
to azeotropic distillation twice with methanol (30 ml) and twice with ethanol (30 ml), and then the residue was washed 
45 with ether to give the title compound (80 mg). 

1 H-NMR (DMSO-d 6 ) 5 :8. 62-8.66 (m, 2H), 8.23 (d, 1H ( J=8.3Hz), 8.18-8.20 (m, 1H) ( 7.98-8.10 (br, 2H), 7.79 (d, 1H, 
J=10,7Hz), 7.32 (s. 1H), 7.09 (d, 2H, J=7.3Hz), 6.93-7.03 (m, 4H), 6.50-6.60 (br, 1H), 5.52-5.55 (m, 1H), 5.44 (s, 
2H), 5.18 (d. 1H, J=18.5Hz), 4.80 (d, 1H, J=18.5Hz), 4.57-4.59 (m, 1H). 3.57-3.71 (m, 6H), 3.15-3.25 (m, 2H), 3.00- 
50 3.02 (m, 1H), 2.80-2.90 (m, 1H), 2.50 (s, 3H), 2.05-2.25 (m, 1H). 1.86-2.00 (m, 2H), 0.88 (t. 3H, J=7.35Hz). 

Example 17: Synthesis of ca/boxymethylg'^ran polYalcQhol-Gly-giy-giY-Phe-NH-A' (A-NH a=PX-9951 ) 

[0060] The sodium salt of carboxymethyldextran polyalcohol obtained in Example 13 (1 .0 g) was converted into the 
55 triethylamrnonium salt (1 .2 g) and dissolved in N,N-dimethylformamide (90 ml). To this solution, a solution of trifluoro- 
acetic acid salt of S'-N^GIy-Gly-Gly-PheJ-NH-A (A-NH 2 =DX-8951) obtained in Example 16 (158 mg) in N,N-dimethyl- 
formamide (15 ml), triethylamine (0.05 ml), and 1-ethoxycarbonyl-2-ethoxy-1 ,2-dihydroxyquinoline (1 .2 g) were added 
successively, and the mixture was allowed to react at room temperature overnight with stirring and shielding the light. 
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Each of 5 ml portions of this reaction mixture was added dropwise to each 10 ml of ethanol. The mixture was added 
with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and then the precipitates deposited were collected 
by centrifugation. The precipitates were dissolved in 0.5M aqueous sodium chloride, adjusted to pH 9 with 0.1 M aque- 
ous sodium hydroxide under ice-cooling and dialyzed against purified water using a dialysis membrane (Spectrapore 1 , 
5 cut-off molecular weight; 6,000-8,000). The inner diaiyzate solution was filtered through a Millipore filter (0.22 urn) and 
then tyophilized to obtain the title compound (1.4 g). The content of the drug compound residue in this compound was 
5.2% (W/W) when determined based on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 18: Synthesis of Boc-Glv-Phe-Leu-OH 

10 

[0061] H-GIy-Phe-Leu-OH (3.0 g) was added to 50% aqueous dioxane (48 ml) and ice-cooled. To this solution, 1 N 
aqueous sodium hydroxide (9.45 ml) and a dioxane solution (24 ml) containing (Boc) 2 0 (2.27 g) were added, and the 
mixture was stirred overnight. 1 N hydrochloric acid (9.45 ml) was added to the reaction mixture and the solvent was 
evaporated. The resulting residue was purified by silica gel column chromatography (eluent: dichloromethane:methanol 
75 = 5:1 solution) to obtain the title compound (2.5 g). 

Example 19: Synthesis of Boc-Glv-Phe-Leu-Glv-OBzl 

[0062] The Boc-Gly-Phe-Leu-OH obtained in Example 18 (2.4 g) and N-hydroxysuccinimide (656 mg) were dissolved 
20 in N.N-dimethylfbrmamide (50 ml), cooled to 4°C, and then added with N.N'-dicyclohexylcarbodiimide (1.17 g) and 
stirred for 2 hours. To this solution, a N.N-dimethylfbrmamide solution (40 ml), in which tosylate of H-Gly-OBzl (1 .9 g) 
and triethylamine (0.79 ml) had been dissolved, was added and the mixture was allowed to react with stirring at room 
temperature for 1 6 hours. This reaction mixture was evaporated to dryness under reduced pressure, and the residue 
was purified by silica gel column chromatography (eluent: dichloromethane:methanol = 50:1 solution) to give the title 
25 compound (2.0 g). 

1 H-NMR(DMSO-de)S: 8.20-8.30 (m ( 1H),8.12(d, 1H, J =8. 3Hz), 7.83 (d, 1H, J *8.3Hz), 7.32-7.37 (m, 5H), 6.89- 
6.95 (m, 1H), 5.12 (s, 1H), 4.52-4.59 (br, 1H), 4.34 (dd, 1H, J =7.3Hz, J -15.1Hz), 3.93 (dd, 1H, J =5.5Hz, J 
-17.2Hz), 3.84 (dd. 1 H, J =5.5Hz, J =17.2Hz), 3.54 (dd, 1H, J =5.9Hz, J =16.7Hz), 3.42 (dd. J =5.9Hz, J =16.7Hz), 
30 3.00 (dd, 1H, J=4.4Hz, 13.7Hz), 2.78 (dd, 1H, J =8.8Hz, J =13.2Hz), 1.50-1.65 (m, 1H), 1.45 (t. 2 H.J =7. 3Hz), 1.36 
(s, 9H), 0.86 (d. 3H, J =6.4Hz), 0.82 (d, 3H, J =6.4Hz). 

Example 20: Synthesis of Boc-Glv-Phe-Leu-Glv-OH 

35 [0063] The Boc-Gly-Phe-Leu-OBzl (1 .7 g) obtained in Example 1 9 was dissolved in a mixed solution of ethyl acetate 
(30 ml) and methanol (30 ml), and added with 5% Pd-C (1 .5 g) to perform catalytic reduction. The reaction mixture was 
filtered and the filtrate was evaporated to dryness under reduced pressure to give the title compound (1.15 g). 

Example 21 : Synthesis of 3'-N-(Boc-Glv-Phe-Leu-GlvVNH-A (A-NHo=DX-895tt 

40 

[0064] The Boc-Gly-Phe-Leu-Gly-OH obtained in Example 20 (200 mg) and N-hydroxysuccinimide (58 mg) were dis- 
solved in N,N-dimethylformamide (5 ml). After cooling at 4°C, N.N'-dicyclohexyicarbodiimide (104 mg) was added to the 
solution and dissolved. To this solution, a N.N-dimethylformamide solution (5 ml), in which methanesulfonate of DX- 
8951 (224 mg) and triethylamine (0.059 ml) had been dissolved, was added and the mixture was allowed to react with 
45 stirring at room temperature for 16 hours under light-shielded conditions. This reaction mixture was evaporated to dry- 
ness under reduced pressure, and the residue was purified by silica gel column chromatography (eluent: dichlorometh- 
ane: methanol = 10:1 solution containing 0.5% acetic acid) to give the title compound (200 mg). 

1 H-NMR (DMSO-dg) 8 : 8.35 (d, 1H, J =7.8Hz), 8.08-8.18 (n% 2H), 7.75-7.85 (m. 2H), 7.32 (s, 1H) ( 7.10 (d, 2H, J 
so =6.8Hz), 7.08-7.13 (m, 3H). 6.85-6.95 (br, 1H), 6.40-6.65 (br. 1H), 5.52-5.55 (m. 1H), 5.46 (d. 1 H, J =18.5Hz), 5.37 
(d, 1H, J=18.5Hz),5.24 (s, 2H), 4.44-4.52 (m, 1H), 4.15-4.25(m, 1H), 3.68-3.72 (m, 2H), 3.40-3.52 (m, 2H), 3.15- 
3.25 (br, 2H), 2.85-2.95 (m, 1H), 2.65-2.75 (m, 1H), 2.40 (s, 3H), 2,05-2.25 (m, 1H), 1.80-1.91 (m, 2H) ( 1.50-1.65 
(m, 1H), 1.45 (t, 2H, J =7.3Hz), 1.35 (S, 9H), 0.88 (t. 3H, J =7.4), 0.86 (d, 3H, J =6.4Hz), 0.82 (d, 3H, J =6.4Hz). 

55 Example 22: Synthesis of 3'-N-(Glv-Phe-Leu-GM-NH-A (A-NH ? =DX-B951) tnfluoroacetic acid salt 

[0065] The 3*-N-(Boc-Gly-Phe-Leu-Gly)-NH-A (A-NH 2 =DX-8951) (97 mg) obtained in Example 21 was dissolved in 
trrf luoroacetic acid (3 ml) and allowed to stand for one hour. The solvent was evaporated, and the residue was subjected 
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to azeotropic distillation twice with methanol (30 ml) and twice with ethanol (30 ml), and then washed with ether to 
obtain the title compound (95 mg). 

1 H-NMR (DMSO-d 6 ) 6 : 8.57 (d, 1H, J =8.3Hz). 8.47 (d, 1H, J =8.3Hz), 8.32 (d, 1H t J =7.8Hz), 8.17 (t, 1H, J 
5 =5.5Hz), 7.81-7.91 (br, 3H) P 7.79 (d, 1H, J =10.7Hz), 7.32 (s, 1H), 7.21-7.23 (m, 5H), 7.12-7.17 (m, 1H), 6.45-6.55 

(br, 1H), 5.57 (q ( 1H, J =4.4Hz), 5.43 (d, 1 H, J =16.1 Hz), 5.34 (d, 1H, J =16.1 Hz), 5.23 (s, 2H), 4.67 (dt, 1H, J =4.0 
Hz, J =9.0 Hz), 4.31 (dd, 1H, J =8.5Hz, J =15.0 Hz), 4.0-4.4 (br, 1H), 3.74-3.76 (m, 2H), 3.56 (dd, 1H, J =6.0 Hz, J 
=16.0 Hz), 3.41 (dd, 1H, J =6.0 Hz, J =16.0 Hz), 3.17-3.19 (br, 2H), 3.02 (dd, 1H, J =4.0 Hz, J =14.0 Hz). 2.70 (dd, 
1H, J =10.0 Hz, J =14.0 Hz), 2.40 (s, 3H), 2.05-2.15 (m, 1H), 1.85 (dt. 2H, J =7.0 Hz. J =14.0 Hz), 1.50-1.55 (m, 
w 1 H), 1 .45 (t, 2H, J =6.0 Hz), 1 .35 (s. 9H), 0.88 (t, 3H, J =7.4), 0.85 (d, 3H, J =6.4Hz), 0.80 (d. 3H, J -6.4Hz). 

Example 23: Synthesis of carboxvmethvldextran polvalcohol-Giv-Phe-Leu-Glv-NH-A' (A-NHo=PX-8951) 

[0066] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 13 (690 mg) was dis- 
15 6olved in N.N-dimethylfbrmarnide (50 ml). To this solution, a solution of the trifluoroacetic acid salt of 3'-N-(Gly-Phe-Leu- 
Gly)-NH-A (A-NH 2 =DX-8951) (95 mg) obtained in Example 22 in N.N-dimethylformamide (10 ml), triethylamine (0.03 
ml), and 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroxyquinoline (690 mg) were added successively, and the mixture was 
allowed to react at room temperature overnight with stirring. Each of 5 ml portions of this reaction mixture was added 
dropwise to each 10 ml of ethanol. The mixture was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether 
20 (20 ml), and the deposited precipitates were collected by centrifugation. The precipitates were dissolved in 0.5M aque- 
ous sodium chloride, adjusted to pH 9 with 0.1M aqueous sodium hydroxide, and dialyzed against purified water using 
a dialysis membrane (Spectrapore 1, cut-off molecular weight; 6,000-8,000). The inner dialyzate solution was filtered 
through a Millipore filter (0.22 ^m), and then the filtrate was lyophilized to obtain the title compound (600 mg). The con- 
tent of the drug compound residue in this compound was 4.8% (W/W) when determined based on the absorption at 362 
25 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 24: Synthesis of triethylammonium salt of carboxymethyldextran polyalcohol 

[0067] Dextran T500 (50 g, Pharmacia, molecular weight: 500 K) was dissolved in 0.1 M acetate buffer (pH 5.5, 5000 
30 ml), and an aqueous solution (5000 ml) of sodium periodate (1 65.0 g) was added. After stirring at 4°C for ten days with 
shielding the light, the mixture was added with ethylene glycol (35.0 ml) and stirred overnight. The reaction mixture was 
adjusted to pH 7.5 with 8M aqueous sodium hydroxide. Sodium borohydride (70 g) was added and dissolved, and then 
the mixture was stirred overnight. The reaction mixture was ice-cooled, adjusted to pH 5.5 with acetic acid and stirred 
at 4°C for one hour, and then adjusted to pH 7.5 with 8M aqueous sodium hydroxide. The resulting solution was sub- 
35 jected to ultrafiltration using a Biomax-50 membrane to remove the low molecular weight fraction. The polymer fraction 
was lyophilized to obtain dextran polyalcohol (27.1 g). The molecular weight of this substance was 140K (gel filtration, 
pullulan standard). 

[0068] This dextran polyalcohol (5 g) was added to an aqueous solution obtained by dissolving sodium hydroxide (21 
g) in water (150 ml), and dissolved at room temperature. To this solution, monochloroacetic acid (30 g) was added 

40 under ice-cooling and dissolved, and then the mixture was allowed to react at room temperature overnight. This reac- 
tion mixture was adjusted to pH 8 with acetic acid and then desalted by ultrafiltration using a Biomax-50 membrane. The 
remaining solution that had not passed through the membrane was lyophilized to obtain sodium salt of carboxymethyl- 
dextran polyalcohol (5.6 g). The molecular weight of this substance was 263K (gel filtration, pullulan standard) and the 
degree of carboxymethylation was 0.4. 

45 [0069] This sodium salt of carboxymethyldextran polyalcohol (2.0 g) was dissolved in water, applied to a Bio-Rad AG 
50W-X2 (200-400 mesh, H + form) column (diameter: 44 mm, length: 210 mm), and eluted with water. This effluent was 
added with triethylamine (4 ml) and lyophilized to obtain the title compound (2.2 g). 

Example 25: Synthesis of trimethvlammonium salt of carboxvmethvldextran polyalcohol 

50 

[0070] The sodium salt of carboxymethyldextran polyalcohol (1 .0 g) obtained in Example 24 was dissolved in water, 
applied to a Bio-Rad AG 50W-X2 (200-400 mesh, Me 3 N H + form) column, and eluted with water. This effluent was 
lyophilized to obtain the title compound (950 mg). 

55 Example 26: Synthesis of 3'-N-(Glv-Glv-Phe-GM-NH-A fA-NHo=DX-8951l hydrochloride 

[0071] In a manner similar to that of Example 14, 3-N-(Gly-Gly-Phe-Gly)-NH-A trifluoroacetic acid salt obtained from 
3'-N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (400mg) was dissolved in water/MeOH (1:4), applied to a Bio- 
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Rad AG 1 -X8 (200-400 mesh, CI' form) column (1 .5 cm x 8.6 cm), and eluted with the above solvent. This effluent was 
concentrated and then lyophilized to obtain the title compound (310 mg). 

1 H-NMR (DMSO-d 6 ) 8 : 8.53 (d, 1H, J=8.5Hz), 8.46-8.48 (m, 1H), 8.37-8.39 (m , 1H), 7.95 (d. 1H, J=8.0Hz), 7.80 
5 (s, 3H), 7.78 (d, 1H, J=1 1.1Hz), 7.34 (s, 1H), 7.14-7.24 (m, 5H), 6.50(s, 1H), 5.56-5.60 (m, 1H), 5.35-5.40 (m, 2H), 

5.24 (s, 2H), 4.51-4.56 (m, 1H), 3.86 (dd, J=4.8, 13.5Hz, 1H), 3.68-3.79 (m, 3H), 3.54 (s. 2H), 3.15-3.22 (m, 2H), 
3.01 (dd, J=5.6, 13.5Hz, 1H), 2.78 (dd, J=9.6, 3.5Hz, 1H),2.41 (s, 3H), 2.12-2.23 (m, 2H), 1.81-1.89 (m, 2H), 0.88 
(t 3H, J=7.2Hz). 
Mass (FAB); m/e 753 (M+1) 

10 

Example 27: Synthesis of carboxvmethvldBxtran polvalcohol-Glv-Glv-Phe-Glv-NH-A' (A-NH £ =PX-89511 

[0072] The trimethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 25 (0.1 g) was dis- 
solved in N,N-dimethylfbrmamide (6 ml). To this solution, a solution of the hydrochloride of 3*-N-(Gly-Gly-Phe-Gly)-NH- 

15 A (A-NH 2 =DX-8951) (24 mg) obtained in Example 26 in N,N-dimethylformamide (10 ml), triethylamine (5 and 1- 
ethoxycarbony1-2-ethoxy-1 ,2-dihydroxyquinoline (0.1 g) were added successively, and the mixture was allowed to react 
at room temperature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise to each 
10 ml of ethanol. The mixture was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and the 
deposited precipitates were collected by centrif ugation (3500 rpm, 8 minutes). The precipitates were dissolved in 0.5M 

20 aqueous sodium chloride and adjusted to pH 9 with 0.1M aqueous sodium hydroxide under ice-cooling. The resulting 
aqueous solution was desalted by ultrafiltration using a Biomax-30 membrane. The remaining solution that had not 
passed through the membrane was filtered through a Millipore filter (0.22 urn) and then lyophilized to give the title com- 
pound (90 mg). The content of the drug compound residue in this compound was 1 1% (W/W) when determined based 
on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

25 

Example 28: Synthesis of carboxymethyldextran polyalcohol-Glv-Gly-Phe-Gly-NH-A' (A-NHo=DX-8951) 

[0073] The trimethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 25 (0.1 g) was dis- 
solved in N.N-dimethylformamide (6 ml). To this solution, a solution of the 3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX- 

30 8951) hydrochloride (36 mg) obtained in Example 26 in N.N-dimethylformamide (10 ml), triethylamine (8 jil), and 1- 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroxyquinoline (0.1 g) were added successively, and the mixture was allowed to react 
at room temperature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise to each 
10 ml of ethanol. The mixture was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and the 
precipitate deposited were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved in 0.5M 

35 aqueous sodium chloride and adjusted to pH 12 with 0.1 M aqueous sodium hydroxide under ice-oooling. The resulting 
aqueous solution was desalted by ultrafiltration using a Biomax-30 membrane. The remaining solution that had not 
passed through the membrane was filtered through a Millipore filter (0.22 pjn) and then lyophilized to give the title com- 
pound (80 mg). The result obtained by GPC analysis after dissolving this compound in 0.1 M aqueous sodium chloride 
(column: TSK Gel PW-4000XL, Tosoh, solvent: 0.1 M NaCI, flow rate: 0.8 ml/min), and the ultraviolet absorption spec- 

40 trum of the compound (0.1 M Tris buffer solution, pH 9.0, 36 fig/ml) are shown in Fig. 8 and Fig. 9, respectively. The con- 
tent of the drug compound residue in the compound was 1 5% (W/W) when determined based on the absorption at 362 
nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 29: Synthesis of carboxymethyldextran polyalcohol-Glv-Gly-Glv-Phe-NH-A' (A-NH^DX-8951) 

45 

[0074] Dextran T250 (20 g, EXTRASYNTHESE, average molecular weight: 250 K) was dissolved in 0.1 M acetic acid 
buffer (pH 5.5, 2000 ml) and added with an aqueous solution (2000 ml) of sodium periodate (66.0 g). After stirring at 
4°C for ten days with shielding the light, the mixture was added with ethylene glycol (14.0 ml) and stirred overnight. The 
reaction mixture was adjusted to pH 7.5 with 8M aqueous sodium hydroxide under ice-cooling. Sodium borohydride (28 

so g) was added and dissolved, and then the mixture was stirred overnight at room temperature. The reaction mixture was 
ice-cooled, adjusted to pH 5.5 with acetic acid and stirred at 4°C for one hour, and then, adjusted to pH 7.5 with 8M 
aqueous sodium hydroxide under ice-cooling. The low molecular weight fraction was removed from the resulting aque- 
ous solution by ultrafiltration using a Biomax-30 membrane to obtain Retained solution 1 that did not pass through the 
membrane. Separately, Dextran T250 (50 g, EXTRASYNTHESE, average molecular weight: 250K) was dissolved in 

55 0. 1M acetate buffer (pH 5.5, 5000 ml) and added with an aqueous solution (5000 ml) of sodium periodate (165 g). After 
stirring at 4°C for ten days with shielding the light, the mixture was added with ethylene glycol (35.0 ml) and stirred over- 
night. The reaction mixture was adjusted to pH 7.5 with 8M aqueous sodium hydroxide under ice-cooling. Sodium boro- 
hydride (70 g) was added and dissolved, and then the mixture was stirred overnight at room temperature. The reaction 
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mixture was ice-cooled, adjusted to pH 5.5 with acetic acid and stirred at 4°C for one hour, and then, adjusted to pH 7.5 
with 8M aqueous sodium hydroxide under ice-cooling. The low molecular weight fraction was removed from the result- 
ing aqueous solution by ultrafiltration using a Biomax-30 membrane to obtain Retained solution 2 that did not pass 
through the membrane. Retained solutions 1 and 2 were combined, subjected to ultrafiltration using a Biomax-30 mem- 
5 brane to remove the low molecular weight fraction from the fraction, that had passed through Biomax-50 membrane, 
and lyophilized to obtain dextran polyalcohol (25.7 g). The molecular weight of this substance was 47K (gel filtration, 
pullulan standard). 

[0075] This dextran polyalcohol (5 g) was added to an aqueous solution obtained by dissolving sodium hydroxide (35 
g) in water (150 ml) and dissolved at room temperature. To this solution, monochloroacetic acid (50 g) was added under 

10 ice-cooling and dissolved, and then the mixture was allowed to react at room temperature for 18 hours. This reaction 
mixture was adjusted to pH 8 with acetic acid and desalted by ultrafiltration using a Biomax-50 membrane. The remain- 
ing solution that had not passed through the membrane was lyophilized to obtain sodium salt of carboxymethyldextran 
polyalcohol (7.2 g). The molecular weight of this substance was 127K (gel filtration, pullulan standard) and the degree 
of carboxymethylation was 0.8. This sodium salt of carboxymethyldextran polyalcohol (2.2 g) was dissolved in water, 

is applied to a Bio-Rad AG 50W-X2 (200-400 mesh, H + form) column (diameter: 44 mm, length: 210 mm) and eluted with 
water. This effluent was added with triethylamine (4 ml) and then lyophilized to give tri ethyl ammonium salt of car- 
boxymethyldextran polyalcohol (2.69 g). 

[0076] This triethylammonium salt of carboxymethyldextran polyalcohol (2.67 g) was dissolved in N, N-dimethyrforma- 
mide (200 ml). To this solution, a solution obtained by dissolving the trifluoroacetic acid salt of 3'-N-(Gly-Gly-Gly-Phe)- 

20 NH-A, which had been obtained by removing the Boc group according to the method similar to that of Example 16 from 
3'-N-(Boc-Gly-Gly-Gly-Phe)-NH-A (A-NH 2 =DX-8951) (350 mg) prepared in a similar manner to that of Example 2, and 
triethylamine (0.116 ml) in N.N-dimethylformamide (10 ml), and a solution obtained by dissolving 1-ethoxycarbonyl-2- 
ethoxy-1,2-dihydraxyquinoline (2.67 g) in N.N-dimethylformamide (10 ml) were added successively, and the mixture 
was allowed to react at room temperature overnight with stirring. This reaction mixture was added with 3M aqueous 

25 sodium chloride (100 ml) and each of 6 ml portions of the mixture was added dropwise to each 30 ml of ethanol. To 
each mixture, 3M aqueous sodium chloride (1 ml) and diethyl ether (5 ml) were added, and the precipitates deposited 
were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were washed with acetone and then dissolved 
in water, and added with 3M aqueous sodium chloride (10 ml), and then adjusted to pH 9 with 0.1M aqueous sodium 
hydroxide, and further treated at 37°C for 1 hour. The treated solution was desalted by ultrafiltration using a Biomax-10 

30 membrane. The remaining solution that had not passed through the membrane was filtered through a Millipore filter 
(0.22 urn) and then lyophilized to give the title compound (2.30 g). The result obtained by GPC analysis after dissolving 
this compound in 0.1M aqueous sodium chloride (column: TSKGel PW-4000XL, Tosoh, solvent: 0.1 M NaCI, flow rate: 
0.8 ml/min) and the ultraviolet absorption spectrum of the compound (0. 1 M Tris buffer solution, pH 9.0, 0.20 mg/ml) are 
shown in Fig. 1 0 and Fig. 1 1 , respectively. The content of the drug compound residue in the compound was 5.8% (W/W) 

35 when determined based on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 30: Synthesis of triethylammonium salt of carboxymethyldextran polyalcohol 

[0077] To a solution (2000 ml) of Dextran T10 (20 g ( Pharmacia, average molecular weight: 10K) in 0.1M acetic acid 

40 buffer (pH 5.5) was added an aqueous solution (2000 ml) of sodium periodate (66.0 g). After stirring at 4°C for ten days 
with shielding the light, the mixture was added with ethylene glycol (14.0 ml) and stirred overnight. The reaction mixture 
was adjusted to pH 7.5 with 8M aqueous sodium hydroxide under ice-cooling. Sodium borohydride (28 g) was added 
and dissolved, and the mixture was stirred overnight at room temperature. The reaction mixture was ice-cooled, 
adjusted to pH 5.5 with acetic acid and stirred at 4°C for one hour, and then, adjusted to pH 7.5 with 8M aqueous 

45 sodium hydroxide under ice-cooling. The resulting aqueous solution was subjected to ultrafiltration using a Biomax-5 
membrane (Millipore) to remove the low molecular weight fraction, and the remaining solution that had not passed the 
membrane was passed through a Biomax-30 membrane. The resulting filtrate was lyophilized to obtain dextran polyal- 
cohol (8.0 g). The molecular weight of this substance was 13K (gel filtration, pullulan standard). 
[0078] This dextran polyalcohol (3.7 g) was added to an aqueous solution obtained by dissolving sodium hydroxide 

so (25.9 g) in water (1 1 1 ml) and dissolved at room temperature. To this solution, monochloroacetic acid (37 g) was added 
under ice-cooling and dissolved, and then the mixture was allowed to react at room temperature for 20 hours. This reac- 
tion mixture was adjusted to pH 8 with acetic acid and desalted by ultrafiltration using a Biomax-5 membrane. The 
remaining solution that had not passed through the membrane was lyophilized to give sodium salt of carboxymethyldex- 
tran polyalcohol (6.2 g). The molecular weight of this substance was 37K (gel filtration, pullulan standard) and the 

55 degree of carboxymethylation was 0.9. 

[0079] This sodium salt of carboxymethyldextran polyalcohol (6.0 g) was dissolved in water, applied to a Bio-Rad 
AG50W-X2 (200-400 mesh, H + form) column, and then eluted with water. This effluent was added with triethylamine 
(9.3 ml) and then lyophilized to obtain the title compound (7.2 g). 
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Example 31 : Synthesis of triethvlammonium salt of carboxvmethvldextran polyalcohol 

[0080] Hie dextran polyalcohol (3.9 g) obtained in Example 30 was added to an aqueous solution obtained by dis- 
solving sodium hydroxide (16.3 g) in water (117 ml), and dissolved at room temperature. To this solution, monochloro- 

5 acetic acid (23.4 g) was added under ice-cooling and dissolved, and then the mixture was allowed to react at room 
temperature for 18 hours. This reaction mixture was adjusted to pH 8 with acetic acid and desalted by ultrafiltration 
using a Biomax-5 membrane. The remaining solution that had not passed through the membrane was lyophilized to 
obtain sodium salt of carboxymethyldextran polyalcohol (5.0 g). The molecular weight of this substance was 28K (gel 
filtration, pullulan standard) and the degree of carboxymethylation was 0.5. This sodium salt of carboxymethyldextran 

w polyalcohol (4.8 mg) was converted into the triethvlammonium salt in a similar manner to that of Example 30 to obtain 
the title compound (5.6 g). 

Example 32: Synthesis of triethvlammonium salt of carboxymethyldextran polyalcohol 

is [0081 ] An aqueous solution (2000 ml) of sodium periodate (66.0 g) was added to a solution (2000 ml) of Dextran 4 
(20 g, Funakoshi, average molecular weight: 4K-6K) in 0.1M acetic acid buffer (pH 5.5). After stirring at 4°C for ten days 
with shielding the light, the mixture was added with ethylene glycol (14.0 ml) and stirred overnight. The reaction mixture 
was adjusted to pH 7.5 with 8M aqueous sodium hydroxide under ice-cooling. Sodium borohydride (28 g) was added 
and dissolved, and the mixture was stirred overnight at room temperature. The reaction mixture was ice-cooled, 

20 adjusted to pH 5.5 with acetic acid and stirred at 4°C for one hour, and then, adjusted to pH 7.5 with 8M aqueous 
sodium hydroxide under ice-cooling. The resulting aqueous solution was subjected to ultrafiltration using a Biomax-3 
membrane (Millipore) to remove the low molecular weight fraction. The filtrate obtained was lyophilized to give dextran 
polyalcohol (6.0 g). The molecular weight of this substance was 9K (gel filtration, pullulan standard). This dextran poly- 
alcohol (2.7 g) was added to an aqueous solution obtained by dissolving sodium hydroxide (18.9 g) in water (81 ml) and 

25 dissolved at room temperature. To this solution, monochloroacetic acid (27 g) was added under ice-cooling and dis- 
solved, and then the mixture was allowed to react at room temperature for 20 hours. This reaction mixture was adjusted 
to pH 8 with acetic acid and desalted by ultrafiltration using a Biomax-5 membrane. The remaining solution that had not 
passed through the membrane was lyophilized to obtain sodium salt of carboxymethyldextran polyalcohol (4.2 g). The 
molecular weight of this substance was 20K (gel filtration, pullulan standard), and the degree of carboxymethylation was 

30 0.9. 

[0082] This sodium salt of carboxymethyldextran polyalcohol (4.0 g) was converted into the triethy I ammonium salt in 
a similar manner to that of Example 30 to obtain the title compound (4.8 g). 

Example 33: Synthesis of triethvlammonium salt of c arboxymethyldextran polyalcohol 

35 

[0083] The dextran polyalcohol (2.7 g) obtained in Example 32 was added to an aqueous solution obtained by dis- 
solving sodium hydroxide (11.3 g) in water (81 ml), and dissolved at room temperature. To this solution, monochloro- 
acetic acid (16.2 g) was added under ice-cooling and dissolved, and then the mixture was allowed to react at room 
temperature for 18 hours. This reaction mixture was adjusted to pH 8 with acetic acid and desalted by ultrafiltration 
40 using a Biomax-5 membrane. The remaining solution that had not passed through the membrane was lyophilized to 
obtain sodium salt of carboxymethyldextran polyalcohol (2.7 g). The molecular weight of this substance was 16K (gel 
filtration, pullulan standard) and the degree of carboxymethylation was 0.5. This sodium salt of carboxymethyldextran 
polyalcohol (2.7 g) was converted into the triethylammonium salt in a similar manner to that of Example 30 to obtain the 
title compound (3.1 g). 

45 

Example 34: Synthesis of carboxymethyldextran oolvalcohol-Glv-GlY-P he^lv-NH-A' ( A-NH 2 =DX-8951) 

[0084] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 30 (1 .5 g) was dissolved 
in N,N-dimethylformamide (90 ml). To this solution, a solution of triethylamine (0.07 ml) and trrfluoroacetic acid salt of 

so 3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (210 mg) in N.N-dimethylformamide (40 ml), and 1 -ethoxycarbonyl-2- 
ethoxy-1,2-dihydroxyquinoline (1.5 g) were added successively, and the mixture was allowed to react at room temper- 
ature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise to each 1 0 ml of ethanol. 
Each was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and then the precipitates depos- 
ited were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved in 0.5M aqueous sodium 

55 chloride and adjusted to pH 9 with 0.1M aqueous sodium hydroxide under ice-cooling. The resulting aqueous solution 
was desalted by ultrafiltration using a Biomax-3 membrane. The remaining solution that had not passed through the 
membrane was filtered through a Millipore filter (0.22 jim) and then lyophilized to obtain the title compound (1 .3 g). The 
result obtained by GPC analysis after dissolving this compound in 0.1 M aqueous sodium chloride (column: TSK Gel 
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PW-4000XL, Tosoh, solvent: 0. 1 M NaCI, flow rate: 0.8 ml/min) and the ultraviolet absorption spectrum of the compound 
(0.1 M Tris buffer solution, pH 9.0, 65 fig/ml) are shown in Fig. 1 2 and Fig. 1 3, respectively. The content of the drug com- 
pound residue in the compound was 6.4% (W/W) when determined based on the absorption at 362 nm in 0.1 M Tris 
buffer solution (pH 9.0). 

5 

Example 35: Synthesis of carboxymethvldextran polyalcohol-Glv-Glv-Phe-Glv-NH-A' fA-NH^=DX-8951) 

[0085] The triethylammonium salt of carboxymethvldextran polyalcohol obtained in Example 31 (1 .2 g) was dissolved 
in N.N-dimethylformamide (90 ml). To this solution, a solution of triethylamine (0.056 ml) and trilluoroacetic acid salt of 

w 3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (168 mg) in N.N-dimethylformamide (30 ml), and 1-ethoxycarbonyl-2- 
ethoxy-1 ,2-dihydroxyquinoline (1 .2 g) were added successively, and the mixture was allowed to react at room temper- 
ature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise to each 10 ml of ethanol. 
Each was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and the deposited precipitates 
were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved in 0.5M aqueous sodium chlo- 

15 ride and adjusted to pH 9 with 0. 1 M aqueous sodium hydroxide under ice-cooling. The resulting aqueous solution was 
desalted by ultrafiltration using a Biomax-3 membrane. The remaining solution that had not passed through the mem- 
brane was filtered through a Millipore filter (0.22 pm) and then lyophilized to obtain the title compound (1 .0 g). The con- 
tent of the drug compound residue in this compound was 4.8% (W/W) when determined based on the absorption at 362 
nm in 0.1 M Tris buffer solution (pH 9.0). 

20 

Example 36: Synthesis of carboxymethvldextran pqlyelcohol-Gly-Gly-Phe-Gly-NH-A' (A-NH ^DX-8951) 

[0086] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 32 (1 .2 g) was dissolved 
in N.N-dimethylformamide (90 ml). To this solution, a solution of triethylamine (0.056 ml) and trKluoroacetic acid salt of 

25 3'-N-(Giy-Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (168 mg) in N.N-dimethylfbrmamide (30 ml), and 1 -ethoxycarbonyl-2- 
ethoxy-1 ,2-dihydroxyquinoline (1 .2 g) were added successively, and the mixture was allowed to react at room temper- 
ature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise to each 10 ml of ethanol. 
Each was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and the deposited precipitates 
were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved in 0.5M aqueous sodium chlo- 

30 ride and adjusted to pH 9 with 0.1M aqueous sodium hydroxide under ice-cooling. The resulting aqueous solution was 
desalted by ultrafiltration using a Biomax-3 membrane. The remaining solution that had not passed through the mem- 
brane was filtered through a Millipore filter (0.22 pm) and then lyophilized to obtain the title compound (1 .0 g). The con- 
tent of the drug compound residue in this compound was 5.9% (W/W) when determined based on the absorption at 362 
nm in 0.1 M Tris buffer solution (pH 9.0). 

35 

Example 37: Synthesis of carboxymethvldextran polyalcohol -Glv-Glv-Phe-Glv-NH- A' (A-NH r DX-8951^ 

[0087] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 33 (1 .5 g) was dissolved 
in N.N-dimethylfbrmamide (90 ml). To this solution, a solution of triethylamine (0.07 ml) and trifluoroacetic acid salt of 

40 3*-N-(Gly-Gly-Phe<3ly)-NH-A (A-NH 2 =DX-8951) (210 mg) in N.NHdimethylformamide (40 ml), and 1 -ethoxycarbonyl-2- 
ethoxy-1 ,2-dihydroxyquinoline (1.5 g) were added successively, and the mixture was allowed to react at room temper- 
ature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise to each 10 ml of ethanol. 
Each was added with 3M aqueous sodium chloride (2.5 ml) and diethyl ether (20 ml), and the deposited precipitates 
were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved in 0.5M aqueous sodium chlo- 

45 ride and adjusted to pH 9 with 0. 1 M aqueous sodium hydroxide under ice-cooling. The resulting aqueous solution was 
desalted by ultrafiltration using a Biomax-3 membrane. The remaining solution that had not passed through the mem- 
brane was filtered through a Millipore filter (0.22 um) and then lyophilized to obtain the title compound (1 .3 g). The con- 
tent of the drug compound residue in this compound was 4.6% (W/W) when determined based on the absorption at 362 
nm in 0.1 M Tris buffer solution (pH 9.0). 

50 

Example 38: Synthesis of Boc-Gly-Gly-Phe-Glv-NH-A (A-NH 2 =DW-8286) 

[0088] Boc-Gly-Gly-Phe-Gly (42 mg) and N-hydroxysuccinimide (12 mg) were dissolved in N.N-dimethylformamide (2 
ml), and cooled to 4°C, and then added with N,N'-dicyclohexylcarbodiimide (22 mg). To this solution, a N,N-dimethylfor- 
ss mamide solution (6 ml), in which hydrochloride of the compound represented by the following formula: 
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[(1 s,9s)0 -amino-5<hloro-9-ethy^ 
75 10,13(9H,15H]-dione: DW-8286] (50 mg) and triethylamine (0.01 ml) were dissolved was added and the mixture was 
allowed to react with stirring and shielding the light at room temperature for 16 hours. This reaction mixture was evap- 
orated to dryness under reduced pressure, and the residue was purified by silica gel column chromatography (eluent: 
dichloromethane:methanol = 10:1 solution containing 0.5% acetic acid) to obtain the title compound (27 mg). 

20 1 H-NMR (CDCI 3 ) 6 : 8.10-8.20 (br, 1 H), 7.95-8.05 (br, 1 H), 7.70-7.80 (br, 2H), 7.50-7.60 (br, 1H), 7.40-7.50 (br, 1 H), 
7.10-7.25 (m, 5H), 7,05-7.15 (br, 1H), 5.85-5.95 (br, 1H). 5.50-5.60 (br, 1H), 5.40-5.50 (m, 1H), 5.25-5.35 (m, 1H), 
5.05-5.15 (m, 1H), 4,90-5.00 (m, 1H), 4.70-4.80 (br, 1H), 4.10-4.25 (br p 2H), 3.60-3.90 (m, 4H), 3.10-3.40 (m, 3H), 
2.95-3.05 (br, 1H), 2.15-2.30 (br, 1H), 1.75-1.90 (br, 2H), 1.39 (s, 9H). 0.80-1.00 (m, 3H). 

25 Example 39: Synthesis of carboxymethyldextran Dolvalcohol-Glv-Glv-Phe-Glv-NH-A' (A-NH?=DW-8286) 

[0089] The triethylammonium salt of carboxymethyldextran polyalcohol (175 mg) obtained in Example 24 was dis- 
solved in N,N-dimetnylformamide (20 ml). To this solution, a solution of trifluoroacetic acid salt of 3'-N-(Gly-Gly-Phe- 
Gly)-NH-A (A-NH 2 =DW-8286) (29 mg), which had been obtained from S'-N-fBoc-Gly-Gly-Phe-GlyJ-NH-A (27 mg) pre- 

30 pared in Example 38 by removing the Boc group in a similar manner to that of Example 4, and triethylamine (9 nl) in 
N,N<limethyiformamide (5 ml), and 1-ethoxycarbonyl-2-ethoxy-1,2<lihydroxyquinoline (175 mg) were added succes- 
sively, and the mixture was allowed to react at room temperature overnight with stirring. Each of 5 ml portions of this 
reaction mixture was added dropwise to each 10 ml of ethanol. The mixture was added with 3M aqueous sodium chlo- 
ride (2.5 ml) and diethyl ether (20 ml), and the deposited precipitates were collected by centrifugation (3500 rpm, 8 min- 

35 utes). The precipitates were dissolved in 0.5M aqueous sodium chloride and adjusted to pH 9 with 0.1 M aqueous 
sodium hydroxide under ice-cooling. The resulting aqueous solution was desalted by ultrafiltration using a Biomax-30 
membrane. The remaining solution that had not passed through the membrane was filtered through a Millipore filter 
(0.22 ^m) and then lyophilized to obtain the title compound (135 mg). The result obtained by GPC analysis after dis- 
solving this compound in 0.1 M aqueous sodium chloride (column: TSK Gel PW-4000XL, Tosoh, solvent: 0.1 M NaCI, 

40 flow rate: 0.8 ml/min) and the ultraviolet absorption spectrum of the compound (0.1 M Tris buffer solution, pH 9.0, 99 
ug/ml) are shown in Fig. 1 4 and Fig. 15, respectively. The content of the drug compound residue in the compound was 
6.1% (W/W) when determined based on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 40: Synthesis of 3'-N-(Boc-Glv-Gly-Phe-GlY)-NH-A (A-NHg=DW-8089) 

45 

[0090] Boc-Gly-Gly-Phe-Gly (163 mg) and N-hydroxysuccinimide (45 mg) were dissolved in N,N-dimethytformamide 
(10 ml), cooled to 4°C, and then added with N.N^dicyclohexylcarbodiimide (79 mg). To this solution, a N,N-dimethyHor- 
mamide solution (30 ml), in which tosylate of the compound represented by the following formula: 

so 



55 
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is [(1s,9s)-1-amino-9-ethyl-2,3-dihydro-9-hy^ 

10,13(9H,1 5H)-dione: DW-8089] (170 mg) and tri ethyl amine (0.054 ml) were dissolved, was added and the mixture was 
allowed to react with stirring at room temperature overnight under light-shielded conditions. This reaction mixture was 
evaporated to dryness under reduced pressure, and the residue was purified by silica gel column chromatography (elu- 
ent: dichloromethane:methanol = 94:6 solution containing 0.5% acetic acid) to obtain the title compound (100 mg). 

20 

1 H-NMR (DMSO-d 6 ) 5 : 8.51 (d, 1H, J=8.5Hz), 8.41 (t, 1H. J=5.6Hz), 8.29 (s, 1H), 8.17 (d, 1H. J=8.0Hz), 8.03 (d, 
1H,J=8.0Hz), 7.90 (dd, 1H,J=4.8, 5.6Hz), 7.79 (t, 1H,J=5.6Hz). 7.53 (d, 1H, J=7.2Hz), 7.36 (s, 1H). 7.13-7.25 (m, 
5H), 6.94-6.95 (m, 1H), 5.60-5.63 (m, 1H), 5.36-5.47 (m, 2H), 5.21-5.30 (m. 2H), 4.42-4.47 (m, 1H), 3.63-3.96 (m, 
3H), 3.51-3.59 (m, 3H), 3.31-3.40 (m, 1H), 3.09-3.21 (m, 1H), 3.02 (dd, 1H, J=4.8, 13.5Hz), 2.76-2.81 (m, 1H), 
25 2.13-2.17 (m, 2H), 1.85-1.90 (m, 2H), 1.37 (s, 9H), 0.89 (t, 3H, J=8.0Hz). 
Mass (FAB);m/e822(M+1) 

Example 41 : Synthesis of carboxymethyldextran polyalcohPl-Gly-Gly-Phe-Gly-NH-A' (A-NH^=DW-8Q89) 

30 [0091 ] The triethylammonium salt of carboxymethyldextran polyalcohol (1 .6 g) obtained in Example 24 was dissolved 
in N.N-dimethylformamide (60 ml). To this solution, a solution obtained by dissolving trifluoroacetic acid salt of 3'-N- 
(Gly-Gly-Phe-Gly)--NH-A (A-NH 2 =DW-8089) ( which had been obtained from 3'-N-(Boc-Gly-Gly-Phe-Gly)-NH-A (200 
mg) prepared in Example 40 by removing the Boc group in a similar manner to that of Example 4, and triethylamine 
(0.07 ml) in N.N-dimethylformamide (20 ml), and 1-ethoxycarbonyl-2-ethoxy-1 ,2<lihydroxyquinoline (1 .6 g) were added 

35 successively, and the mixture was allowed to react at room temperature overnight with stirring. Each of 5 ml portions of 
this reaction mixture was added dropwise to each 10 ml of ethanol. Each was added with 3M aqueous sodium chloride 
(2.5 ml) and diethyl ether (25 ml), and the deposited precipitates were collected by centrifugation (2500 rpm, 8 minutes). 
The precipitates were washed with ethanol, then dissolved in water, added with 3M aqueous sodium chloride (20 ml), 
and adjusted to pH 9 with 0. 1 M aqueous sodium hydroxide. This solution was desalted by ultrafiltration using a Biomax- 

40 1 0 membrane. The remaining solution that had not passed through the membrane was filtered through a Millipore filter 
(0.22 iim) and then lyophilized to obtain the title compound (1 .20 g). The result obtained by GPC analysis after dissolv- 
ing the compound in 0.1M aqueous sodium chloride (column: TSK Gel PW-4000XL, Tosoh, solvent: 0.1 M NaCI, flow 
rate: 0.8 ml/min) and the ultraviolet absorption spectrum of the compound (0.1 M Tris buffer solution, pH 9.0. 0.26 
mg/mi) are shown in Fig. 16 and Fig. 17, respectively. The content of the drug compound residue in the compound was 

45 5.0% (W/W) when determined based on the absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 42: Synthesis of Trt-giy-Qiy-Phe-Qly-QH 

[0092] Trt-Gly-Gly-Phe-Gly-OBzl (670 mg), 10% Pd-C (100 mg), and ammonium formate (200 mg) were added to 
so DMF (5 ml) and stirred for three hours. The reaction mixture was filtered, the filtrate was evaporated to dryness under 
reduced pressure, and then the residue was purified by silica gel column chromatography (eluent: dichlorometh- 
ane:methanol = 8: 1 solution) to obtain the title compound (300 mg). 

1 H-NMR (CD 3 OD) 6 : 7.16-7.45 (m, 20H), 4.66 (dd, 1H, J =9.8,5.4Hz), 3.93 (d, 1H, J =16.6Hz), 3.80 (d, 1H, J 
55 o1 7.6Hz), 3.78 (d. 1H, J =1 6.6Hz). 3.68 (d. 1H, J =17.1Hz), 3.23 (dd, 1H, J =14.2,5.4Hz), 2.90 (d, 1H, J -13.7Hz), 
2.90 (s, 1H). 
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Example 43: Synthesis of S'-N^GIv-Glv-Phe-GlvVDXR hydrochloride 



[0093] Trt-Gly-Gly-Phe-Gly-OH (100 mg) and N-hydroxysuccinimide (22 mg) were dissolved in DMF (4 ml), and the 
mixture was added with N.N'-dicyclohexytcarbodiimide (40 mg} under ice-cooling and stirred at 4°C for 2 hours. To this 

5 solution, a solution of N-methylmorpholine (0.019 ml) and doxorubicin (DXR) hydrochloride (92 mg) dissolved in DMF 
(20 ml) was added, and the mixture was stirred at 4°C for 16 hours. This reaction mixture was evaporated to dryness 
under reduced pressure, and the residue was purified by silica gel column chromatography (eluent: dichlorometh- 
ane:methanol = 20:1 solution). The resulting compound was dissolved in 75% acetic acid (1 ml) and stirred for 1 hour. 
Water (20 ml) was added, and the precipitated solid mass was removed by filtration, and then the filtrate was lyophilized 

w and the resulting powder was dissolved in water (5 ml). This solution was passed through a AG -1X8 (CI" form) column 
and eluted with water, and then the effluent was washed with dichloromethane, and the aqueous layer was lyophilized 
to obtain the title compound (40 mg). 

1 H-NMR (CD 3 OD) 8 : 7.95 (d, 1H. J =7.3Hz), 7.82 (t, 1H, J =7.8Hz), 7.54 (d, 1H, J =8.3Hz), 7.16-7.26 (m, 5H), 5.43 
15 (d, 1H, J =3.4Hz), 5.14 (br, 1H). 4.72 (s. 2H) ( 4.42 (dd, 1H, J -8.3,6.8Hz), 4.30 (q, 1H, J =6.8Hz), 4.14-4.18 (m, 1H), 
4.03 (d, 1H, j ol 6.6Hz), 4.02 (s, 3H). 3.86 (d. 1H. J =18.5Hz), 3.83 (d, 1H, J -17.1Hz), 3.75 (d. 1H, J =16.1Hz), 
3.73 (d. 1H, J =16.1 Hz), 3.62 (br, 1H), 3.58 (d, 1H, J =16.6Hz), 3.10-3.15 (m, 2H) 3.00 (d, 1H, J =18.6Hz), 2.94 (dd, 
1H, J =14.2, 8.8Hz), 2.38 (d, 1H, J =14.2Hz), 2.18 (dd, 1H, J =14.2,4.4Hz), 1.94-2.00 (m, 1H), 1.71 (dd, 1H, 
J=12.7,4.4Hz), 1.28 (d, 3H, J =6.3Hz). 

20 

Example 44: Synthesis of carboxymelhyldextran po|yalcphol-Gly-Gly-Phe<3ly-DXR 

[0094] The sodium salt of carboxymethyldextran polyalcohol (1.5 g) obtained in Example 24 was converted into the 
trimethylammonium salt (1 .2 g) in a manner similar to that of Example 25, and then 400 mg of this salt was dissolved 

25 in N,N<limethylformamide (24 ml). To this solution, a solution of 3'-N-(Gly-Gly-Phe-Gly)-DXR hydrochloride (76 mg) in 
N,N-dimethylformamide (24 ml), triethylamine (24 uJ) and 1-ethoxycarbonyl-2-ethoxy-1,2<lihydroxyquinoline (400 mg) 
were added successively, and the mixture was allowed to react at room temperature overnight with stirring. Each of 5 
ml portions of this reaction mixture was added dropwise to each 1 0 ml of ethanol. The mixture was added with 3M aque- 
ous sodium chloride (2.5 ml) and diethyl ether (20 ml), and the deposited precipitates were collected by centrifugation 

30 (3,500 rpm, 8 minutes). The precipitates were dissolved in 0.5M aqueous sodium chloride and desalted by ultrafiltration 
using a Biomax-30 membrane. The remaining solution that had not passed through the membrane was filtered through 
a Millipore filter (0.22 urn) and then lyophilized to obtain the title compound (40 mg). The result obtained by GPC anal- 
ysis after dissolving this compound in 0.1 M aqueous sodium chloride (column: TSK Gel PW-4000XL, Tosoh, solvent: 
0.1 M NaCI, flow rate: 0.8 ml/min) and the ultraviolet absorption spectrum of the compound (0.1M Tris buffer solution, 

35 pH 7.4, 36 uJ) are shown in Fig. 18 and Fig. 19, respectively. The content of the drug compound residue in the com- 
pound was 6.0% (W/W) when determined based on the absorption at 480 nm in PBS (pH 7.4). 

Example 45: Synthesis of triethvlammonium salt of carboxymethyldextran polyalcohol 

40 [0095] Dextran T150 (20 g, Pharmacia, average molecular weight: 150K) was dissolved in 0.1 M acetate buffer (pH 
5.5, 2000 ml) and added with an aqueous solution (2000 ml) of sodium periodate (66.0 g). After stirring at 4°C for ten 
days with shielding the light, the mixture was added with ethylene glycol (14.0 ml) and stirred overnight. The reaction 
mixture was adjusted to pH 7.5 with 8M aqueous sodium hydroxide under ice-cooling. Sodium borohydride (28 g) was 
added and dissolved, and then the mixture was stirred at room temperature overnight. The reaction mixture was ice- 

45 cooled, adjusted to pH 5.5 with acetic acid, and stirred at 4°C for 1 hour. The pH of the mixture was adjusted to 7.5 with 
8M aqueous sodium hydroxide under ice-cooling. The resulting aqueous solution was concentrated to 500 ml by ultra- 
filtration using a Biomax-5 membrane (Millipore) to obtain Solution 1. Separately, a series of procedures described 
above was performed using Dextran T1 10 (20 g) to obtain Solution 2. Solution 1 and Solution 2 were combined, and 
the combined solution was adjusted to pH 3.0 and incubated at 40°C for 4 hours, and then adjusted to pH 7 to obtain a 

50 solution containing the dextran polyalcohol with lowered molecular weight. The solution was passed through a Biomax- 
30 membrane and desalted by ultrafiltration using a Biomax-5 membrane, and then lyophilized to obtain dextran poly- 
alcohol (4.6 g). The molecular weight of this substance was 1 7K (gel filtration, pullulan standard). 
[0096] This dextran polyalcohol (2.5 g) was added to an aqueous solution obtained by dissolving sodium hydroxide 
(175 g) in water (75 ml) and dissolved at room temperature. To this solution, monochloroacetic acid (25 g) was added 

55 under ice-cooling and dissolved, and then the mixture was allowed to react at room temperature for 20 hours. This reac- 
tion mixture was adjusted to pH 9 with acetic acid and then desalted by ultrafiltration using a Biomax-5 membrane. The 
remaining solution that had not passed through the membrane was lyophilized to obtain sodium salt of carboxymethyl- 
dextran polyalcohol (4.0 g). The molecular weight of this substance was 45K (gel filtration, pullulan standard), and the 



25 

08/03/2002, EAST Version: 1.03.0002 



EP 0 916 348 A1 



degree of carboxymethylation was 0.9. 

[0097] This sodium salt of carboxymethyldextran polyalcohol (3.7 g) was dissolved in water, applied to a Bio-Rad 
AG50W-X2 (200-400 mesh, H + form} column, and e luted with water. This effluent was added with triethylamine (5.8 ml) 
and then lyophilized to obtain the title compound (4.4 g). 

5 

Example 46: Synthesis of carboxymethyldextran polvalcohol-Glv-Glv-Glv-Phe-NH-A' (A-NHo-DX-8951) 

[0098] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 45 (4.4 g) was dissolved 
in N.N-dimethylformamide (300 ml). To this solution, a solution of triethylamine (0.19 ml) and trrfluoroacetic acid salt of 

w 3'-N-(Gly-Gly-Gly-Phe)-NH-A (A-NH 2 =DX-8951) (580 mg) in N.NKJimethylformamide (45 ml) and 1 -ethoxycarbonyl-2- 
ethoxy-1 ,2-dihydroxyquinoline (4.4 g) were added successively, and the mixture was allowed to react at room temper- 
ature overnight with stirring and shielding the light This reaction mixture was adjusted to pH 10 with 1M aqueous 
sodium hydroxide, and then each of 5 ml portions of the mixture was added dropwise to each 25 ml of ethanol. The mix- 
ture was added with 3M aqueous sodium chloride (1 ml) and diethyl ether (5 ml), and the deposited precipitates were 

is collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved in water and dialyzed against puri- 
fied water using a dialysis membrane (Spectrapore 1, cut-off molecular weight; 6,000-8,000), and the inner dialyzate 
solution was filtered through a Millipore filter (0.22 urn) and then lyophilized to obtain the title compound (3.4 g). The 
content of the residue of the drug compound in this compound was 4.6% (W/W) when determined based on the absorp- 
tion at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

20 

Example 47: Synthesis of a-methvlcarboxvmethvldextran polYalcchol-Glv<aiv-Glv-Phe-NH-A' (A-NHo^DX-8951) 

[0099] The dextran polyalcohol (2 g) obtained in Example 45 was added to an aqueous solution obtained by dissolv- 
ing sodium hydroxide (14 g) in water (60 ml) and dissolved at room temperature. To this solution, a-bromopropionic acid 

25 (1 9 ml) was added under ice-cooling and dissolved, and then the mixture was allowed to react at room temperature for 
18 hours. The reaction mixture was adjusted to pH 8 with acetic acid and desalted by ultrafiltration using a Biomax-50 
membrane. The remaining solution that had not passed through the membrane was lyophilized to obtain sodium salt of 
a-methylcarboxymethyldextran polyalcohol (2.95 g). The molecular weight of this substance was 45K (gel filtration, pul- 
lulan standard). The degree of a-methylcarboxymethylation per saccharide residue was obtained according to the 

30 cases of carboxymethyldextran polyalcohol as follows. An aqueous solution of the sodium salt of a-methylcarboxymeth- 
yldextran polyalcohol was applied to a Bio-Rad AG 50W-X2 (H + form) column, and the effluent was lyophilized and used 
as a sample. This sample was dissolved in a prescribed excess amount of 0.1 N aqueous solution of sodium hydroxide 
and titrated with 0.1 N hydrochloric acid using phenolphthalein as an indicator. The degree of a-methylcarboxymethyia- 
tion was obtained according to the equation: the degree of a-methylcarboxymethylation = 13.4(a-b)/[s-7.2(a-b)] 

35 wherein V is the amount of sample used (mg), "a" is the prescribed excess amount of 0. 1 N aqueous solution of sodium 
hydroxide (ml), and "b" is the amount of 0.1 N hydrochloric acid consumed for the titration (ml). As a result, the degree 
of a-methylcarboxymethylation was found to be 0.8. 

[0100] This sodium salt of a-methylcarboxymethyldextran polyalcohol (2.2 g) was dissolved in water, applied to a Bio- 
Rad AG 50W-X2 (200-400 mesh, H + form) column (diameter: 44 mm, length: 210 mm), and then eluted with water. This 
40 effluent was added with triethylamine (4 ml) and then lyophilized to give triethylammonium salt of a-methylcarboxymeth- 
yldextran polyalcohol (2.69 g). 

[0101] This triethylammonium salt of a-methylcarboxymethyldextran polyalcohol (2.68 g) was dissolved in N,N- 
dimethylformamide (60 ml). To this solution, a solution obtained by dissolving trrfluoroacetic acid salt of 3'-N-(Gly-Gly- 
Gly-Phe)-NH-A (A-NH 2 =DX-8951), which had been obtained in a similar manner to that of Example 16 by removing the 

45 Boc group from 3'-N-(Boc-Gly-Gly-Gly-Phe)-NH-A (350 mg) synthesized similarly to that of Example 2, and triethyl- 
amine (0.1 16 ml) in N,N-dimethylformamide (10 ml), and a solution obtained by dissolving 1-ethoxycarbonyl-2-ethoxy- 
1 ,2-dihydroxyquinoline (2.68 g) in N.N-dimethylfbrmamide (10 ml) were added successively, and the mixture was 
allowed to react at room temperature overnight with stirring. This reaction mixture was added with 3M aqueous sodium 
chloride (40 ml), and each of 6 ml portions of the mixture was added dropwise to each 30 ml of ethanol. Each was 

so added with 3M aqueous sodium chloride (1 ml) and diethyl ether (5 ml), and the precipitate deposited was collected by 
centrifugation (3500 rpm, 8 minutes). This precipitate was washed with acetone, then dissolved in water, added with 3M 
aqueous sodium chloride (10 ml), adjusted to pH 9 with 0.1M aqueous sodium hydroxide, and treated at 37°C for 1 hour. 
This treated solution was desalted by ultrafiltration using a Biomax-10 membrane. The remaining solution that had not 
passed through the membrane was filtered through a Millipore filter (0.22 urn) and then lyophilized to obtain the title 

55 compound (2.15 g). The result obtained by GPC analysis after dissolving this compound in 0.1 M aqueous sodium chlo- 
ride (column: TSK Gel PW4000XL, Tosoh, solvent: 0.1 M NaCI, flow rate: 0.8 ml/min) and the ultraviolet absorption 
spectrum of the compound (0. 1 M Tris buffer solution, pH 9.0, 0.21 mg/ml) are shown in Fig. 20 and Fig. 21 , respectively. 
The content of the drug compound residue in the resulting product was 5.9% (W/W) when determined based on the 
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absorption at 362 nm in 0.1 M Tris buffer solution (pH 9.0). 

Example 48: Synthesis of 3'-N-(G1v-Phe-Glv)-NH-A (A-NH 2 =DX-8951) trifluoroacetic acid salt 

5 [0102J A mixture of p-toluenesulfonic acid salt of Phe-Gly-OBzl (3.06 g), Boc-Gly-OH (1 .10 g) t N-hydroxysuccinimide 
(941 mg), N-methylmorpholine (0.725 ml), and N,N<limethyiformamide (40 ml) was cooled to 4°C, and added with N,N- 
dicyclohexylcarbodiimide (1.56 g). The mixture was allowed to react overnight at room temperature with stirring, and 
then evaporated to dryness under reduced pressure. The residue was purified by silica gel column chromatography 
(eluent: dichloromethane:methanol = 98:2 solution) to give Boc-Gly- Phe-Gly-OBzl (1.93 g). 

10 

1 H-NMR (DMSOd 6 ) 8 : 8.52 (dd, 1 H, J=5.6, 6.4Hz), 7.97 (d, 1H, J=8.8Hz), 7.30-7.39 (m, 5H), 7.15-7.26 (m, 5H), 
6.83 (t, 1H, J=5.6Hz), 5.14 (s, 1H), 4.52-4.57 (m, 1H), 3.87-3.96 (m, 2H), 3.57 (dd, 1H, J=5.6, 16.7Hz), 3.43 (dd, 
1H, J=5.6. 16.7Hz), 3.01 (dd, 1H, J=4.8, 14.3Hz), 2.77 (dd, 1H, J=5.6, 14.3Hz), 1.37 (s, 9H). 

is [0103] The resulting Boc-Gly-Phe-Gly-OBzl (1 .78 g) was dissolved in ethyl acetate (60 ml) and subjected to catalytic 
reduction for 24 hours in the presence of 5%-Pd-C (1.8 g). The catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure to obtain Boc-Gly-Phe-Gly-OH (1 .41 g). 

1 H-NMR (DMSO-d 6 ) 6 : 8.35 (t, 1H, J=5.6Hz), 7.94 (d, 1H, J=8.8Hz), 7.15-7.26 (m, 5H), 6.85 (dd, 1H, J=5.6, 
20 6.4Hz), 4.52-4.58 (m, 1H), 3.76 (d, 2H, J=5.6Hz), 3.56 (dd, 1H, J=6.4, 16.7Hz), 3.43 (dd, 1H, J=5.6, 16.7Hz), 3.03 
(dd, 1 H, J=5.0, 13.5Hz), 2.79 (dd, 1 H, J=9.5, 13.5Hz), 1 ,37 (s, 9H). 

[0104] The Boc-Gly- Phe-Gly-OH (500 mg) obtained above and N-hydroxysuccinimide (161 mg) were dissolved in 
N.N-dimethylformamide (10 ml). To this solution, a N,N-dimethylformamide (50 ml) solution, in which methanesulfonate 
25 of DX-8951 (530 mg) and triethylamine (0.1 46 ml) were dissolved, was added. The mixture was cooled to 4 °C, added 
with N,N'-dicyclohexylcarbodiimide (268 mg), and allowed to react overnight with stirring at room temperature under 
light-shielded conditions. This reaction mixture was evaporated to dryness under reduced pressure and the residue was 
purified by silica gel column chromatography (eluent: dichloromethane:methanol =96:4 solution) to obtain 3'-N-(Boc- 
Gly-Phe-Gly)-NH-A (A-NH 2 =DX-8951) (100 mg). 

30 

1 H-NMR (DMSO-d 6 ) 8 : 8.39 (d, 1 H, J=8.0Hz), 8.34 (t, 1 H, J=5.6Hz), 7.98 (d, 1 H, J=7.2Hz), 7.78 (d, 1 H, J=10.3Hz), 
7.33 (S, 1H), 7.13-7.24 (m, 5H), 6.80 (dd, 1H, J=5.6, 6.4Hz), 5.55-5.61 (m, 1H), 5.44 (d, 1H, J=16.0Hz), 5.41 (d, 
1H, J=16.0Hz), 5.25 (s, 2H), 4.43-4.46 (m, 1H), 3.69-3.79 (m, 2H), 3.50 (dd, 1H, J=5.6, 16.7Hz), 3.41 (dd, 1H, 
J=5.6, 16.7Hz), 3.16-3.19 (m, 2H), 2.98 (dd, 1H, Jo4.8, 14.3Hz), 2.79 (dd, 1H, J=9.5, 14.3Hz), 2.41 (s, 3H), 2.19- 
35 2.25 (m, 1H), 2.10-2.15 (m, 1H), 1.82-1.90 (m, 2H), 1.35 (s, 9H), 0.88 (t, 3H, J=8.0Hz). 
Mass (FAB); m/e 797 (M+1) 

[0105] The resulting 3*-N-(Boc-Gly-Phe-Gly)-NH-A (A-NH 2 = DX-8951) (100 mg) was dissolved in trifluoroacetic acid 
(3 ml) and allowed to stand for one hour. The solvent was evaporated, and the residue was subjected to azeotropic dis- 
40 filiations twice with methanol (30 ml) and twice with ethanol (30 ml), and then washed with ether to obtain the title com- 
pound (80 mg). 

1 H-NMR (DMSOd 6 ) 8 : 8.52-8.62 (m, 1H), 7.94 (s, 3H), 7.79 (t, 1H, J=11.1Hz), 7.34 (s, 1H), 7.15-7.27 (m, 5H), 
6.52 (s, 1H), 5.57-5.61 (m, 1H), 5.36-5.46 (m, 2H), 5.24 (s, 2H), 4.66-4.70 (m, 1H) P 3.69-3.81 (m, 2H), 3.61-3.68 
45 (m, 1H), 3.40-3.47 (m, 1H), 3.15-3.23 (m, 1H), 3.01 (dd, 1H, J=4.0, 13.5Hz), 2.77 (dd, 1H, J=9.5, 13.5Hz), 2.12- 
2.23 (m, 2H), 1.81-1.91 (m, 2H), 0.89 (t, 3H, J=7.2Hz). 
Mass (FAB); m/e 697 (M+1) 

Example 49: Synthesis of 3'-N-(Phe-GlvVNH-A (A-NHo= DX-8951 trifluoroacetic acid salt 

50 

[0106] Boc-Phe-Gly (771 mg) and N-hydroxysuccinimide (300 mg) were dissolved in N,N<Jimethylformamide (10 ml). 
To this solution, a N.N-dimethylformamide (50 ml) solution, in which methanesulfonate of DX-8951 (1058 mg) and tri- 
ethylamine (0.293 ml) were dissolved, was added. The mixture was cooled to 4°C, and then added with N.N'-dicy- 
clohexylcarbodiimide (494 mg) and allowed to react with stirring at room temperature overnight under light-shielded 
55 conditions. This reaction mixture was evaporated to dryness under reduced pressure, and the residue was purified by 
silica gel column chromatography (eluent: dichloromethane:methanol =98:2 solution) to obtain 3'- N-( Boc-Phe-Gly) -NH - 
A(A-NH 2 =DX-8951)(1.20 g). 
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1 H-NMR (DMSO-d 6 ) 6 : 8.29 (d, 1H, J=8.0Hz), 8.21 (t, 1H, J=4.8Hz), 7.76 (d, 1H, J=10.3Hz), 7.32 (s, 1H), 7.13- 
7.25 (m, 5H), 6.92 (d, 1H, J=7.2Hz), 6.49 (s, 1H), 5.56-5.61 (m, 1H), 5.44 (d, 1H, J=1 5.9Hz), 5,38 (d, 1H, 
J=15.9Hz), 5.25 (s, 2H), 4.08-4.12 (m. 1H), 3.78 (d, 1H, J=4.8Hz), 3.16-3.25 (m, 2H), 2.99 (dd, 1H, J=4.0, 13.5Hz), 
2.72 (dd, 1H. J-10.3. 13.5Hz), 2.40 (s, 3H), 2.09-2.35 (m, 2H), 1.80-1.91 (m, 2H), 1.16 (s, 9H), 0.88 (t. 3H, 
5 J=8.0Hz). 

Mass (FAB); m/e 741 (M+1) 

[01 07] The 3'-N-(Boc-Phe-Gly)-NH-A (1 70 mg) obtained above was dissolved in trifluoroacetic acid (4 ml) and allowed 
to stand for one hour. The solvent was evaporated, and the residue was subjected to azeotropic distillations twice with 
10 methanol (10 ml) and twice with ethanol (10 ml), and then washed with ether to obtain the title compound (100 mg). 

1 H-NMR (DMSO<l 6 ) 8 : 8.88 (t, 1H, J=4.8Hz), 8.68 (d, 1H, J=8.7Hz), 8.05-8.15 (m, 3H), 7.79 (d, 1H, J=11.1Hz), 
7.26-7.36 (m, 5H), 6.52 (d, 1H, J=7.2Hz), 5.57-5.62 (m, 1H), 5.43 (d, 1H, J=15.9Hz), 5.38 (d, 1H, J=15.9Hz), 5.19- 
5.28 (m ( 1 H), 4.10-4.18 (m, 1 H), 3.93 (dd, 1 H, J=4.8, 16.7Hz), 3.82 (dd, 1 H, J=4.8, 16.7Hz), 3.1 7-3.24 (m. 2H), 3.14 
15 (dd, 1H, J=4.8. 13.5Hz), 2.95 (dd, 1H, J=8.0, 13.5Hz), 2.42 (s, 3H), 2.14-2.25 (m, 2H). 1.83-1.91 (m. 2H), 0.89 (t, 
3H, J=8.0Hz). 
Mass (FAB); m/e 640 (M+1) 

Example 50: Synthesis of 3'-N-Glv-NH-A (A-NH,=DX-895H trifluoroacetic acid salt 

20 

[0108] Methanesulfonate of DX-8951 (530 mg) and triethylamine (0.28 ml) were dissolved in N,N-dimethylformamide 
(10 ml), cooled to 4°C, and added with N-hydroxysuccinimide ester of Boc-Qly (327 mg). The mixture was allowed to 
react with stirring at room temperature overnight under light-shielded conditions. This reaction mixture was evaporated 
to dryness under reduced pressure, and then the residue was purified by silica gel column chromatography (eluent: 
25 dichloromethane:methanol =98:2 solution) to obtain 3'-N-(Boc-Gly)-NH-A (A-NH 2 =DX-8951) (500 mg). 

1 H-NMR (DMSO-d 6 ) 8 : 8.38 (d, 1 H, J=8.3Hz), 7.77 (d, 1 H, J=10.7Hz), 7.31 (s, 1 H), 6.89-6.91 (m, 1 H), 6.49 (s, 1 H), 
5.55-5.59 (m. 1 H), 5.45 (d, 1 H, J=16.1 Hz). 5.38 (d, 1 H, J=1 6.1 Hz), 5.27 (d. 1 H. J=1 9.0Hz), 5.1 8 (d, 1 H, J=1 9.0Hz), 
3.50-3.62 (m, 2H), 3.15-3.19 (m, 2H), 2.41 (s, 3H), 2.18-2.24 (m, 1H), 2.08-2.12 (m, 1H), 1.81-1.91 (m. 2H). 1.31 
30 . (s, 9H), 0.87 (t. 3H, J=8.0Hz). 
Mass (FAB); m/e 593 (M+1) 

[0109] The 3'-N-(Boc-Gly)-NH-A (100 mg) obtained above was dissolved in trifluoroacetic acid (2 ml) and allowed to 
stand for one hour. The solvent was evaporated, and the residue was subjected to azeotropic distillations twice with 
35 methanol (10 ml) and twice with ethanol (10 ml), and then washed with ether to obtain the title compound (70 mg). 

1 H-NMR (DMSO<i 6 ) 8 : 8.88 (d, 1 H, J=8.8Hz), 8.08 (s, 3H), 7.81 (d, 1 H, J=1 1 .2Hz), 7.34 (s, 1 H), 6.52 (s. 1 H), 5.63- 
5.67 (m, 1H), 5.45 (d, 1H, J=16.7Hz), 5.40 (d, 1H, J=16.7Hz), 5.36 (d, 1H, J=19.1Hz), 5.25 (d, 1H, J=19.1Hz), 3.56 
(s, 2H), 3.11-3.19 (m, 2H), 2.43 (s, 3H), 2.23-2.28 (m, 1H), 2.11-2.19 (m, 1H), 1.81-1.91 (m, 2H), 0.88 (t, 3H, 
40 J=8.0Hz). 

Mass (FAB); m/e 493 (M+1) 

Example 51 : Synthesis of trimethvlarnmonium salt of carboxymethvldextran polyalcohol 

45 [01 1 0] Dextran T500 (50 g, Pharmacia, molecular weight: 500 K) was dissolved in 0. 1 M acetate buffer (pH 5.5, 5000 
ml) and added with an aqueous solution (5000 ml) of sodium periodate (165.0 g). After stirring at 4°G for ten days with 
shielding the light, the mixture was added with ethylene glycol (35.0 ml) and stirred overnight. The reaction mixture was 
adjusted to pH 7 with 8M aqueous sodium hydroxide. Sodium borohydride (70 g) was added and dissolved, and the 
mixture was stirred overnight. The reaction mixture was ice-cooled, adjusted to pH 5.5 with acetic acid and stirred at 

50 4°C for one hour, and then, adjusted to pH 7.5 with 8M aqueous sodium hydroxide. The resulting aqueous solution was 
desalted by ultrafiltration using a Biomax-50 membrane. The remaining solution that had not passed through the mem- 
brane was lyophilized to obtain dextran polyalcohol (20.2 g). The molecular weight of this substance was 159K (gel fil- 
tration, pullulan standard). 

[0111] This dextran polyalcohol (7.5 g) was added to an aqueous solution obtained by dissolving sodium hydroxide 
55 (31 .5 g) in water (225 ml) and dissolved at room temperature. To this solution, monochloroacetic acid (45 g) was added 
under ice-cooling and dissolved, and the mixture was allowed to react at room temperature overnight. This reaction mix- 
ture was adjusted to pH 8 with acetic acid and then desalted by ultrafiltration using a Biomax-50 membrane. The 
remaining solution that had not passed through the membrane was lyophilized to obtain sodium salt of carboxymethyl- 
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dextran polyalcohol (8.5 g). TTie molecular weight of this substance was 274K (gel filtration, pullulan standard), and the 
degree of carboxymethylation was 0.4. This sodium salt of carboxymethyldextran polyalcohol (2.0 g) was dissolved in 
water, applied to a Bio-Rad AG 50W-X2 (200-400 mesh, H + form) column (diameter: 44 mm, length: 210 mm), and 
eluted with water. This effluent was added with triethylamine (4 ml) and then lyophilized to obtain the title compound 
(2.2 g). 

Example 52: Synthesis of carboxymethyldextran polyalcohol-Glv-Phe-Gly-NH-A' (A-NH £ =DX-8951) 

[0112] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 51 (200 mg) was dis- 
solved in N,N-dimethylformamide (7 ml). To this solution, a solution of the trif luoroacetic acid salt of 3'-N-(Gly-Phe-Gly)- 
NH-A (A-NH2=DX-8951) obtained in Example 48 (41 mg) in N,N-dimethylformamide (5 ml), triethylamine (0.014 ml), 
and 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroxyquinoline (100 mg) were added successively, and the mixture was 
allowed to react at room temperature overnight with stirring. Each of 5 ml portions of this reaction mixture was added 
dropwise to each 10 ml of ethanol. The mixture was added with 3M aqueous sodium chloride (2.0 ml) and diethyl ether 
(25 ml), and the deposited precipitates were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were 
dissolved in 0.5M aqueous sodium chloride and adjusted to pH 9 with 0.1M aqueous sodium hydroxide under ice-cool- 
ing. The resulting aqueous solution was desalted by ultrafiltration using a Biomax-50 membrane. The remaining solu- 
tion that had not passed through the membrane was filtered through a Millipore filter (0.22 urn) and then lyophilized to 
obtain the title compound (190 mg). The content of the drug compound residue in this compound was 4.5% (W/W) 
when determined based on the absorption at 362 nm in 0.1 M Tris buffer (pH 9.0). 

Example 53: Synthesis of carboxymethyldextran polyalcohol- Phe-Gly-NH- A 1 (A-NH 2 =DX-8951) 

[0113] The sodium salt of carboxymethyldextran polyalcohol obtained in Example 24 (2.5 g) was dissolved in water, 
applied to a Bio-Rad AG 50W-X2 (200-400 mesh, E^N H + form) column, and eluted with water. This effluent was 
lyophilized to give triethylammonium salt of carboxymethyldextran polyalcohol (2.5 g). 

[0114] This triethylammonium salt of carboxymethyldextran polyalcohol (200 mg) was dissolved in N,N-dimethyffor- 
mamide (12 ml). To this solution, a solution of the trifluoroacetic acid salt of 3'-N-(Phe-Gly)-NH-A (A-NH 2 =DX-8951) (42 
mg) obtained in Example 49 and triethylamine (0.016 ml) in N,N-dimethylformamide (5 ml), and 1-ethoxycarbonyl-2- 
ethoxy-1 ,2-dihydroxyquinoline (200 mg) were added successively and the mixture was allowed to react at room tem- 
perature overnight with stirring and shielding the light. This reaction mixture was added with water (300 ml) and sub- 
jected to ultrafiltration using a ultrafiltration membrane 10K (Filtron). The remaining solution that had not passed 
through the membrane was adjusted to pH 10 with 0.1N aqueous sodium hydroxide, and passed through a filtration 
membrane (0.16 \itr\ t Filtron). The filtrate was desalted by ultrafiltration using a Biomax-50 membrane, and then filtered 
through a Millipore filter (0.22 urn) and lyophilized to obtain the title compound (180 mg). The content of the drug com- 
pound residue in this compound was 6.1% (W/W) when determined based on the absorption at 362 nm in 0.1 M Tris 
buffer solution (pH 9.0). 

Example 54: Synthesis of carboxymethyldextran polvalcohol-Glv-NH-A' (A-NH ? =DX-8951) 

[0115] The triethylammonium salt of carboxymethyldextran polyalcohol obtained in Example 51 (370 mg) was dis- 
solved in N.N-dimethylforrnamide (10 ml). To this solution, a solution of the trifluoroacetic acid salt of 3*-N-Gly-NH-A (A- 
NH 2 =DX-8951) obtained in Example 50 (57 mg) in N,N-dimethylformamide (3 ml), triethylamine (0.027 ml), and 1- 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroxyquinoline (185 mg) were added successively, and then the mixture was allowed 
to react at room temperature overnight with stirring. Each of 5 ml portions of this reaction mixture was added dropwise 
to each 10 ml of ethanol. The mixture was added with 3M aqueous sodium chloride (2.0 ml) and diethyl ether (25 ml), 
and the deposited precipitates were collected by centrifugation (3500 rpm, 8 minutes). The precipitates were dissolved 
in 0.5M aqueous sodium chloride and adjusted to pH 9 with 0. 1 M aqueous sodium hydroxide under ice-cooling. The 
resulting aqueous solution was desalted by ultrafiltration using a Biomax-50 membrane. The remaining solution that 
had not passed through the membrane was filtered through a Millipore filter (0.22 jim) and then lyophilized to obtain the 
title compound (290 mg). The content of the drug compound residue in this compound was 0.5% (W/W) when deter- 
mined based on the absorption at 362 nm in 0.1 M Tris buffer (pH 9.0). 

Example 55: Synthesis of carboxymethyldextran polvalcohol-Glv-Glv-Phe-Glv-D51 -7059 

[0116] Boc-Gly-Gly-Phe-Gly-OH (200 mg) was dissolved in trifluoroacetic acid (4 ml) and stirred for 1.5 hours. The 
solvent was evaporated, and the residue was subjected to azeotropic distillations twice with methanol (10 ml) and twice 
with ethanol (10 ml) and washed with ether to obtain trifluoroacetic acid salt of Gly-Gly-Phe-Gly-OH (225 mg). 
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^-NMR (DMSOd 6 ) 6 : 8.48 (dd, 1H, J=5.6, 5.6Hz), 8.59 (dd, 1H, J=5.6, 6.4Hz), 8.29 (d, 1H, J=4.8Hz), 7.23-7.26 
(m, 4H), 7.16-7.20 (m, 1H), 4.58 (ddd, 1H, J=4.8, 4.8, 10.4Hz), 3.89 (dd, 1H, J=5.6, 16.7Hz), 3.76-3.79 (m, 2H), 
3.67 (dd, 1H, J=5.6, 16.7Hz), 3.56 (s, 2H). 



5 [0117] The trifluoroacetic acid salt of Gly-Gly-Phe-Gly-OH (200 mg) obtained above was dissolved in water (10 ml), 
added with triethylamine to adjust the pH to 9.0, then added with a solution of 9-fluorenylm ethyl N -hydroxys uccinimidy I- 
carbonate (200 mg) in acetonitrile (5 ml), and stirred at room temperature for four hours while maintaining the pH in the 
range of 8.0 through 8.5 by using triethylamine. The reaction mixture was added with 1 .5N hydrochloric acid (50 ml), 
and the deposited precipitates were collected by filtration, washed with water, and purified by silica gel column chroma- 

w tography (eluent: dichloromethane:methanol = 4:1 solution) to obtain Fmoc-Gly-Gly-Phe-Gly-OH (151 mg). 



1 H-NMR (DMSO«J 6 ) 6 : 8.28-8.32 (m, 1H), 8.08-8.12 (m, 1H), 7.85-7.89 (m, 2H), 7.68-7.72 (m, 2H), 7.57-7.65 (m, 
1H), 7.38-7.43 (m, 2H), 7.29-7.34 (m, 2H), 7.20-7.25 (m, 4H), 7.14-7.17 (m, 1H), 4.45-4.52 (m, 1H), 4.26-4.30 (m, 
2H), 4.19-4.24 (m, 1H), 3.77 (dd, 1H, J=5.6. 16.7Hz), 3.58-3.69 (m, 4H), 3.42-3.52 (m, 1H), 3.06 (dd, 1H, J=4.0, 
is 13.5Hz), 2.78 (dd, 1H, J=4.0, 13.5Hz). 



[01 18] The Fmoc-Gly-Gly-Phe-Gly-OH obtained above (24 mg), the taxol derivative represented by the following for- 
mula: 




[D5 1-7059: 9, 1 0-O-(2-aminoethylidene)- 1 3-0-[3-(tert-butoxycarbonylamino)-2-hydroxy-3-phenyll-propanoyl-1 0- 
deacetyl-9-dihydrobaccatin III] (20 mg), and N-hydroxysuccinimide (7 mg) were dissolved in N,N-dimethylformamide (1 
ml). This solution was cooled to 4°C and then added with N.N'-dicyclohexylcarbodiimide (9 mg), and the mixture was 
35 allowed to react at room temperature overnight with stirring. This reaction mixture was evaporated to dryness under 
reduced pressure, and the residue was purified by silica gel column chromatography (eluent: dichloromethane:metha- 
nol = 96:4 solution) to obtain Fmoc-Gly-Gly-Phe-Gly-D51-7059 (21 mg). 

1 H-NMR (CDCI 3 ) 6 :8.06 (d, 2H, J=8.1Hz), 7.75 (d, 2H, J=8.1Hz), 7.18-7.61 (m, 23H), 7.62 (dd, 1H, J=7.2, 8.0Hz), 
40 6.07 (dd, 1H, J=7.9, 8.8Hz), 5.98 (d, 1H, J=4.8Hz), 5.63 (d, 1H, J=8.8Hz), 5.00-5.40 (m, 4H), 4.92 (s, 1H), 4.60- 
4.69 (m. 2H), 4.41 (d, 2H, J=6.4Hz), 4.35 (d, 1H, J=8.0Hz), 4.29 (d, 1H, J=8.0Hz), 4.21 (t, 1H. J=7.5Hz), 3.96-4.07 
(m, 3H), 3.73-3.86 (m, 4H), 3.37-3.41 (m, 1H), 3.19-3.23 (m, 1H), 3.00 (dd. 1H. J08.0. 13.5Hz), 2.85-2.89 (m. 3H), 
2.29 (s, 3H), 2.05-2.40 (m, 4H), 1.57 (s. 3H), 1.56 (s, 3H), 1.53 (s. 3H), 1.40 (s. 9H), 1.22 (s, 3H). 
Mass (FAB); m/e 1413 (M+Na) 

45 

[01 1 9] The Fmoc-Gly-Gly-Phe-Gly-D51 -7059 obtained above (21 mg) was dissolved in dichloromethane (1 .8 ml) and 
added with piperazine (0.2 ml), and then the mixture was allowed to react at room temperature for 1 hour. This reaction 
mixture was purified by silica gel column chromatography (eluent: dichloromethane :methanol = 94:6 solution) to obtain 
Gly-Gly-Phe-Gly-D51-7059 (16 mg). 

50 

^-NMRfCDCI^&lop.ZH, J=8.1 Hz), 7.89-7.94 (m, 1H), 7.62 (dd, 1H, J=7.2, 8.0Hz), 7.45-7.50 (m, 2H), 7.17- 
7.42 (m, 12H), 7.10-7.16 (m, 1H), 6.97 (dd, 1H, J=5.6, 6.4Hz), 6.08 (dd, 1H, J=8.0, 8.7Hz), 6.02 (d, 1H, J=4.8Hz), 
5.62 (d ( 1H, J=1 1.1Hz), 5.23-5.30 (m, 1H), 5.23 (d, 1H, J=7.2Hz), 5.10 (s, 1H), 4.98-5.00 (m, 1H), 4.60-4.63 (m, 
1H), 4.38 (d, 1H, J=8.8Hz), 4.33 (d, 1H, J=8.8Hz), 4.13 (s, 1H), 4.04 (dd. 1H, J=5.6, 16.7Hz), 3.93 (dd, 1H, J=5.6. 
55 16.7Hz). 3.82 (d. 1H t J=7.2Hz). 3.73-3.82 (m, 2H), 3.43-3.49 (m, 1H), 3.30-3.38 (m, 2H), 3.24 (dd, 1H, J=6.4, 
14.3Hz). 3.04 (dd. 1H, J=8.0, 14.3Hz), 2.89-3.07 (m, 3H), 2.30 (s, 3H), 2.01-2.50 (m, 4H), 1.70 (s, 3H), 1.62 (s, 3H), 
1.61 (s,3H), 1.40 (S. 9H), 1.26 (s, 3H). 
Mass (FAB); m/e 1 169 (M+1) 
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[0120] The Gly-Gly-Phe-Gly-D51 -7059 synthesized according to the above method (33 mg) was dissolved in N,N- 
dimethylfbrmamide (0.5 ml). To this solution, a solution of the triethylammonium salt of carboxymethyldextran pdyalco- 
hol obtained in Example 24 (180 mg) in N.N-dimethylformamide (7 ml), and 1-ethoxycarbonyl-2-ethoxy-1,2<iihydroxy- 
quinoline (180 mg) were added successively, and the mixture was allowed to react at room temperature overnight with 

5 stirring. Each of 4 ml portions of this reaction mixture was added dropwise to each 10 ml of ethanol. Each was added 
with 3M aqueous sodium chloride (2.0 ml) and diethyl ether (25 ml), and the deposited precipitates were collected by 
centrifugation (2500 rpm, 8 minutes). The precipitates were washed with ethanol, then dissolved in water, applied to a 
Bio-Rad AG 50W-X2 (200-400 mesh, Na + form) column (diameter: 15 mm, length: 85 mm), and eluted with water to 
obtain Solution 1. Separately, Gly-Gly-Phe-Gly-D51-7059 (10 mg) was dissolved in N.N-dimethylformamide (0.5 ml), 

w and then added successively with a solution of the triethylammonium salt of carboxymethyldextran polyalcohol obtained 
in Example 24 (60 mg) in N.N-dimethylformamide (5 ml) and a solution of 1-ethoxycarbonyl-2-ethoxy-1 ,2-dihydroxyqui- 
noline (60 mg) in N.N-dimethylformamide (0.25 ml), and the mixture was allowed to react at room temperature overnight 
with stirring. This reaction mixture was added dropwise to 10 ml of ethanol, and then the resulting mixture was added 
with 3M aqueous sodium chloride (2.0 ml) and diethyl ether (25 ml), and the precipitates deposited were collected by 

75 centrifugation (2500 rpm, 8 minutes). The precipitates were washed with ethanol, then dissolved in water, applied to a 
Bio-Rad AG 50W-X2 (200-400 mesh, Na + form) column (diameter: 15 mm, length: 85 mm), and eluted with water to 
obtain Solution 2. Solution 1 and Solution 2 were combined and then desalted by ultrafiltration using a Btomax-50 mem- 
brane. The remaining solution that had not passed through the membrane was filtered through a Millipore filter (0.22 
\im) and then lyophilized to obtain the title compound (208 mg). The result obtained by GPC analysis after dissolving 

20 this compound in 0.1M aqueous sodium chloride (column: TSK Gel PW-4000XL, Tosoh, solvent: 0.1 M NaCl, flow rate: 
0.8 ml/min) and the ultraviolet absorption spectrum of the compound (methanol: water = 10:1 solution, 1.69 mg/ml) are 
shown in Fig. 22 and Fig. 23, respectively. The content of the drug compound residue in the compound was 5.3% (W/W) 
when determined based on the absorption at 240 nm in a methanol: water = 10:1 solution. 

25 Example 56: Antitumor activity of the drug complex of the present invention 

[01 21 ] Meth A tumor-bearing mice (6 mice per group) were prepared according to a similar manner to that of Example 
11 and the antitumor activity of the drug complex of Example 15 was examined by single administration in a similar 
manner to that of Example 12. As a result, the drug complex of Example 15 exhibited remarkably enhanced antitumor 
30 activity and broader effective dose-range compared to the drug compound itself of Example 12. 



Test compound 


Dose (mg/kg) 1 > 


Inhibition rate (%) 


Compound of Example 15 


10 


100 




5 


99 




2.5 


95 




1.25 


83 



1) Calculated based on the drug compound 



Example 57: Antitumor activity of the drug complex of the present invention 

45 

[0122] SC-6 tumor-bearing nude mice (5 mice per group) were prepared by subcutaneously transplanting a piece of 
SC-6 human gastric tumor block into the right inguinal regions of nude mice (BALB/c-nu/nu, male). On day 27 after the 
transplantation, the drug complex of Example 15 dissolved in distilled water for injection was given as a single intrave- 
nous administration and its antitumor activity was compared to that of the drug compound, per se. As a result, the drug 
so complex of Example 15 exhibited higher antitumor activity compared to the drug compound, per se, whereas there was 
no death due to toxicity. 



55 
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Test compound 


Dose (mg/kg) 


Inhibition rate (%) 


Numbers of died 
mice/mice used 


Drug compound, per se 


60 


98 


2/5 




15 


61 


0/5 


Compound of Example 15 


8 1 ) 


100 


0/5 




2 1 > 


71 


0/5 



1) Calculated based on the drug compound 



Example 58: Antitumor activity of the drug complex of the present invention 

[01 23] Human lung cancer QG-90-bearing nude mice (5 mice per group) were prepared according to a similar manner 
to that of Example 57. On day 16 after the transplantation, the drug complex of Example 15 dissolved in distilled water 
for injection was given as a single intravenous administration and its antitumor activity was compared to that of the drug 
compound, per se. As a result, the drug complex of Example 15 exhibited remarkably enhanced antitumor activity and 
broader effective dose-range compared to the drug compound, per se. 



Test compound 


Dose (mg/kg) 


Inhibition rate (%) 


Numbers of died 
mice/mice used 


Drug compound, per se 


50 


65 


0/5 




12.5 


51 


0/5 


Compound of Example 15 


7 1 > 


98 


0/5 




1.75 1 > 


97 


0/5 



1) Calculated based on the drug compound 



Example 59: Antitumor activity of the drug complex of the present invention 

[01 24] Meth A tumor-bearing mice (6 mice per group) were prepared according to a similar manner to that of Example 
1 1 , and the antitumor activity of the drug complex of Example 41 was examined in the cases of single administration in 
a similar manner to that of Example 12, and its antitumor activity was compared to that of the drug compound, per se. 
As a result, the drug complex of Example 41 exhibited remarkably enhanced antitumor activity and broader effective 
dose-range compared to the drug compound, per se. 



Test compound 


Dose (mg/kg) 


Inhibition rate (%) 


Drug compound, per se 


100 


64 




50 


56 




25 


34 


Compound of Example 41 


25 1 > 


99 




12.5 1 ) 


95 




6.25 1 > 


81 




3.125 1) 


61 



1) Calculated based on the drug compound 
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Example 60: Antitumor activity of the drug complex of the present invention 

[01 25] Meth A tumor-bearing mice (6 mice per group) were prepared according to a similar manner to that of Example 
1 1 , and the antitumor activity was examined according to a similar method to that in Example 12 by single administra- 
5 tion of the drug complexes of Examples 29, 46, and 47, respectively. As a result, all of the drug complexes exhibited 
high antitumor activity and broader effective dose-range. 



Test compound 


Dose (mg/kg) 1 > 


Inhibition rate (%) 


Compound of Example 29 


30 


99 




20 


99 




10 


89 




5 


79 


Compound of Example 46 


100 


94 




80 


92 




40 


82 




20 


75 


Compound of Example 47 


100 


96 




80 


94 




40 


97 




20 


75 



1) Calculated based on the drug compound 

30 

Example 61 : Antitumor activity of the drug complex of the present invention 

[01 26] Meth A tumor-bearing mice (6 mice per group) were prepared according to a similar manner to that of Example 
35 11, and antitumor activity of the drug complex of Example 44 was examined according to a similar method to that of 
Example 12 by single administration, and its antitumor activity was compared to that of the drug compound (Doxoru- 
bicin), per se. As a result, the drug complex of Example 44 exhibited remarkably enhanced antitumor activity and 
broader effective dose-range compared to the drug compound, per se. 



40 





Test compound 


Dose (mg/kg) 


Inhibition rate (%) 


Numbers of died 
mice/mice used 


45 


Drug compound, per se 


20 




6/6 






10 


64 


0/6 






5 


39 


0/6 




Compound of Example 44 


40 1 > 


96 


0/6 


50 




20 1 > 


96 


0/6 






10 1 > 


87 


0/6 






5 1 > 


76 


0/6 



1) Calculated based on the drug compound 
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Example 62: Pharmacokinetics of the drug complex of the present invention 

[01 27] Meth A tumor-bearing mice were prepared according to a similar manner to that of Example 1 1 , the drug com- 
plex of Example 15 was given as single administration in a similar manner to that of Example 12 (10 mg/kg: calculated 
5 as the drug compound], and the change of the drug complex concentration in various tissues was determined. As a 
result, the drug complex of Example 15 was found to have extremely long retention of blood level, high distribution in 
tumor tissues, and high tumor selectivity against liver and small intestine. The results are shown in Fig. 24. 

Industrial Applicability 

w 

[0128] The drug complex of the present invention that is introduced with a residue of a drug compound such as anti- 
neoplastic agents is characterized in that it has excellent selectivity to tumorous sites so as to exhibit high antineoplastic 
activity and also achieves reduced appearance of toxicity. 

75 Claims 

1. A drug complex characterized in that a carboxytC^alkytdextran polyalcohol and a residue of a drug compound 
are bound to each other by means of a spacer comprising an amino acid or a spacer comprising peptide-bonded 
2 to 8 amino acids. 

20 

2. The drug complex according to claim 1, characterized in that the dextran polyalcohol that constitutes the car- 
boxy(Cv4)alkyldextran polyalcohol is a dextran polyalcohol which is obtained by treating a dextran under a condi- 
tion that enables substantially complete polyalcoholization. 

25 3. The drug complex according to claim 1 or claim 2, wherein the carboxyfC^Jalkyldextran polyalcohol is car- 
boxymethyldextran polyalcohol. 

4. The drug complex according to any one of claims 1 to 3, wherein the drug compound is an antineoplastic agent or 
an anti-inflammatory agent. 

30 

5. The drug complex according to claim 4, wherein the drug compound is an antineoplastic agent which concerrtra- 
tion-dependerrtly exhibits antineoplastic activity. 

6. The drug complex according to claim 4, wherein the drug compound is an antineoplastic agent which time-depend- 
35 ently exhibits antineoplastic activity. 

7. The drug complex according to claim 4, wherein the antineoplastic agent is doxorubicin or (1 S,9S)-1 -amino-9-ethyl- 
5-fluoro-2,3<Jihydro-9-hydroxy^-methyl-1HJ2H-benzo[de]pyrano[3' l 4':6,7]indolizino[1 ,2-b]quinoline- 
10,13(9H,15H)-dione. 

40 

8. The drug complex according to any one of claims 5 to 7, wherein the spacer is a dipeptide represented by -X-Z- 
wherein "-X-Z-" represents a residue which consists of a dipeptide that is formed by peptide bonding of a hydropho- 
bic amino acid (X) and a hydrophilic amino acid (Z) being at the N-terminal side and the C-terminal side, respec- 
tively, and whose one hydrogen atom and one hydroxyl group are removed from the amino group at the N-terminus 

45 and the carboxyl group at the C-terminus, respectively, or wherein the spacer contains the dipeptide as a partial 
peptide sequence. 

9. The drug complex according to claim 8, wherein the hydrophobic amino acid is phenylalanine and the hydrophilic 
amino acid is glycine. 

50 

10. The drug complex according to claim 9, wherein the spacer is (N-terminus)-Gly-Gly-Phe-Gly-. 

1 1 . The drug complex according to any one of claims 5 to 10, wherein an introduced amount of the residue of the anti- 
neoplastic agent is in the range of from 1 to 15% by weight. 

55 

12. The drug complex according to any one of claims 5 to 10, wherein an introduced amount of the residue of the anti- 
neoplastic agent is in the range of from 3 to 10% by weight. 
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13. The drug complex according to any one of claims 5 to 10, wherein an introduced amount of the residue of the anti- 
neoplastic agent is in the range of from 5 to 6% by weight. 

14. The drug complex according to claim 1 . wherein the N-terminus of a peptide represented by H 2 N-Gly-Gly-Phe-Gly- 
COOH is bound to a carboxyl group of a carboxymethytdextran polyalcohol by means of an acid-amide bond and 
C-terminus of the peptide is bound to the 1 -amino group of (1S,9S)-1-amino-9-ethyl-5-fluoro-2,3-dihydro-9- 
hydroxy-4-metriyl-1HJ2H-benzo[de]pyrano by means of 
an acid-amide bond. 

15. The drug complex according to claim 14, wherein the introduced amount of (1S,9S)-1-amino-9-ethyl-5-fluoro-2,3- 
dihydro-9-hydroxy-4-methyl-1 H, 1 ^ 

residue is in the range of from 2 to 10% by weight. 

16. The drug complex according to claim 14 or claim 15, wherein the carboxy(C 1 . 4 )alkyldextran polyalcohol is a car- 
boxymethyldextran polyalcohol having a molecular weight in the range of from 5,000 to 500,000 and the degree of 
carboxymethylation is in the range of from 0.01 to 2.0. 

17. The drug complex according to claim 14 or claim 15, wherein the carboxy(C-| . 4 )alkyldextran polyalcohol is a car- 
boxymethyldextran polyalcohol having a molecular weight in the range of from 50,000 to 450,000 and the degree 
of carboxymethylation is in the range of from 0.1 to 1.0. 

18. The drug complex according to claim 14 or claim 15, wherein the carboxyl . 4 )alkyldextran polyalcohol is a car- 
boxymethytdextran polyalcohol having a molecular weight in the range of from 200,000 to 400,000 and the degree 
of carboxymethylation is in the range of from 0.3 to 0.5. 

19. The drug complex according to claim 14, wherein the introduced amount of (1S,9S)-1-amino-9-ethyl-5-fluoro-2,3- 
dihydro-9-hydroxy-4-methyl-1H,12H^^ 

residue is in the range of from 5 to 6% by weight, the molecular weight of carboxy(C 1 .4)alkyldextran polyalcohol is 
about 228,000, and the degree of carboxymethylation is about 0.4. 

20. A drug delivery carrier for binding a drug compound which comprises a carboxy(C 1 . 4 )alkyidextran polyalcohol. 

21 . The drug delivery carrier according to claim 20, wherein the molecular weight of the carboxyCC^alkyldextran poly- 
alcohol is in the range of from 5,000 to 500,000, and the degree of carboxymethylation is in the range of from 0.01 
to 2.0. 

22. The drug delivery carrier according to claim 20, wherein the molecular weight of the carboxyfC^alkyldextran poly- 
alcohol is in the range of from 50,000 to 450,000, and the degree of carboxymethylation is in the range of from 0.1 
to 1.0. 

23. The drug delivery carrier according to claim 20, wherein the molecular weight of the carboxyfC^alkyldextran poly- 
alcohol is in the range of from 200,000 to 400,000, and the degree of carboxymethylation is in the range of from 0.3 
to 0.5. 

24. The drug delivery carrier according to any one of claims 20 to 23, wherein the carboxyfC^alkyldextran polyalco- 
hol is a carboxymethyldextran polyalcohol. 

25. A use of a ca rboxy ( C v4 ) alky Id extra n polyalcohol for a manufacture of a drug complex containing the carboxy(C v 
4 )alkyldextran polyalcohol bound to a residue of a drug compound. 

26. A use of a carboxy(C 1 . 4 )alkyldextran polyalcohol for a manufacture of a drug complex in which a residue of a drug 
compound and the carboxyfC^Jalkyldextran polyalcohol are bound to each other by means of a spacer or without 
a spacer. 
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Fig. 1 
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Fig. 3 
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Fig. 5 
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Fig. 6 
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Fig. 8 
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Fig. 10 




0 5 10 IS 2 0 

Time (min) 



1. 0— 

Fig. 11 




250 300 350 400 450 

Wave Length (nm) 



41 

08/03/2002, EAST Version: 1.03.0002 



EP 0 916 348 A1 



Fig. 12 
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Fig. 16 
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Fig. 22 
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